The development and critical evaluation of an immunoassay for hypoxanthine in biological matrices. by Roberts, Beverley.
THE DEVELOPMENT AND CRITICAL EVALUATION OF AN 
IMMUNOASSAY FOR HYPOXANTHINE IN BIOLOGICAL MATRICES
A Thesis submitted in accordance wi th  the requirements of  the U n iv ers i ty  
of  Surrey, fo r  the Degree of
DOCTOR OF PHILOSOPHY
BY
BEVERLEY ROBERTS B.Sc.(Hons) (U n ive rs i ty  of  Wales) 
M.Sc.(CNAA)
Div is ion of  N u t r i t io n  and Food Science, Department of  Biochemistry,  
Univers i ty  of  Surrey,  Gui ld ford ,  Surrey.
SEPTEMBER 1986
ProQuest Number: 10804409
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10804409
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
SUMMARY
A c la ss ic a l  radioimmunoassay f o r  hypoxanthine was developed and 
v a l id a t e d .  Hypoxanthine, being a low molecular weight compound (M.W. 
136 . 11) is not immunogenic unless f i r s t  attached to a macromolecule such 
as a p ro te in .  Der iva t ives  of  hypoxanthine were synthesised fo r  th is  
purpose. In addi t ion  to  the standard preparat ion of  6 - t r ic h lo rom ethy 1 
purine ,  a d e r iv a t i v e  of  th is  compound with  a 4-carbon spacer arm was 
prepared,  namely p u r in e -6-carboxypropanamide. Hypoxanthine i t s e l f  showed 
an unusual degree of  s t a b i l i t y ,  having no r e a c t i v i t y  towards reagents when 
considered in e i t h e r  the keto or the enol form. The use of  6-ch loropur ine ,  
a f a r  more reac t ive  analogue of  hypoxanthine,  resulted in the synthesis 
of  a novel carboxymethoxy1 amine d e r iv a t i v e ,  pur ine -6-carboxymethyl oxime. 
Four conjugates were prepared using ovalbumin as c a r r i e r  p ro te in .  Hypoxan­
th ine  d e r iv a t iv e s  wi th  a f r e e  carboxyl group were conjugated using the 
mixed anhydride method. 6- t r ich lo rom ethy l  purine was react ive  enough to 
be coupled d i r e c t l y .  Hypoxanthine-9-£“ D-arabinofuranoside was coupled 
using the periodate  ox idat ion  method f o r  sugar d e r iva t ives  wi th v ic in a l  
hydroxyl groups. As the hapten was l inked v ia  the E-amino' groups of lys ine  
residues in each case, the molar d e r i v a t i s a t  ion of  each conjugate was 
ca lcu la ted  by measuring the number o f  f re e  amino groups in the prote in  
before and a f t e r  conjugation using 2 , 4 ,6 - t r in i t ro b e n z e n e  sulphonic ac id .  
With one of the conjugates u l t r a v i o l e t  spectrophotometric analys is ,  and 
c a lc u la t io n  of  the amount of  purine removed during d ia ly s is  were also used 
fo r  comparison and confi rmation of  the value obtained. The ant isera  were 
a f f i n i t y  p u r i f i e d  and twelve reagents were compared fo r  t h e i r  a b i l i t y  to 
e lu t e  anti -hypoxanth ine an t ibod ies ,  w h i ls t  re ta in ing  immunoreactivity of  
the e lu ted f r a c t io n s .
For the determination of  hypoxanthine by radioimmunoassay two phase 
separat ion systems were inves t iga ted ,  namely chemical p r e c ip i ta t io n  of
ant igen-ant ibody  complexes using ammonium sulphate,  and adsorption of  f ree  
hypoxanthine using ac t iva ted  charcoal .
The a n t is e ra  were shown to be h ighly  s p ec i f ic  fo r  hypoxanthine, w ith  
c r o s s - r e a c t i v i t i e s  to s ix  analagous compounds being < 0 . 1%, and cross­
r e a c t i v i t y  to two fu r t h e r  compounds, adenine and a l lo p u r in o l  being 1.9  and 
3.2% re s p e c t iv e ly .  Recovery of  hypoxanthine added to samples was of the 
order of  9 7 . 3%, and the l i m i t  of  de tect ion  was > .  150 nmole/g.
In te r -assay  c o e f f i c i e n t  of  v a r ia t io n  f o r  the data points fo r  the hypoxanthine 
standard curve was <10% fo r  hypoxanthine concentrations below 125 nmole/ml. 
In te r -assay  c o e f f i c i e n t  of  v a r ia t io n  f o r  samples of  f i s h  e x t rac t  containing  
hypoxanthine was approximately 12%. Hypoxanthine leve ls  increased wi th  
t ime in samples o f  t ro u t  and w h i t e b a i t ,  so that i t s  concentrat ion was 
in d ic a t iv e  o f  q u a l i t y ,  but hypoxanthine levels  in l i v e r  decreased with  
length of  storage t ime. Hypoxanthine concentrations in f i s h  samples, as 
determined by radioimmunoassay, were compared with  the values obtained using 
a wel l  estab l ished spectrophotometric method. The c o r re la t io n  c o e f f i c i e n t  
f o r  the two methods was 0.84507 (n = 45) using hypoxanthine solut ions  
extrac ted  from w h i te b a i t  and 0.93298  (n = 33) fo r  samples of  t rou t  muscle,  
so es tab l ish in g  the radioimmunoassay as a technique f o r  measuring the q u a l i t y  
of such foods.
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CHAPTER 1
CHAPTER 1
1 . GENERAL INTRODUCTION
Food, considered as a raw materia l  fo r  manufactured products,  is 
subject to considerable v a r i a b i l i t y  due to i ts  b io log ica l  o r i g i n .  The 
purpose of  q u a l i t y  control  in the food industry is the manufacture of  
products that are standardised w i th in  appropr ia te ly  selected commercial 
l i m i t s .  When a p a r t i c u l a r  t e s t  is being evaluated fo r  the q u a l i t y  control  
of  foods,  there are several  fa c to rs  which need to be considered.  These 
a r e : -
1) cost in terms of equipment, m ater ia ls  and manpower;
2) whether reagents are genera l ly  a v a i la b le ;
3) whether the te s t  is easy to use;
k) . r e p r o d u c ib i l i t y  of  the te s t ;
5) whether the te s t  is d e s t ru c t iv e ,  and i f  so the s ize  of  the sample 
which needs to be taken;
6) the speed wi th which the te s t  can be c arr ied  out;
7) the a p p l i c a b i l i t y  of  the te s t  to d i f f e r e n t  species or products;
8) the s e n s i t i v i t y  of  the te s t  i . e .  the smallest  qu an t i ty  o f  the
substance being measured that  can be d is t inguished from zero
concentrat  ion;
9) the s p e c i f i c i t y  of  the te s t  i . e .  does the te s t  measure only the 
ana ly te  of  in t e r e s t ,  or do re la ted  substances also react;
10) whether i t  is possible to automate the t e s t .
The technique of  immunoassay has long been used in the f i e l d  of
c l i n i c a l  biochemistry to provide a s p e c i f i c ,  s e n s i t i v e ,  rapid and r e l i a b l e
means o f  measuring a wide v a r ie t y  of  substances, such as hormones, enzymes 
and drugs in b io log ica l  f l u i d s ,  w i th  amounts as low as 10"18mole having 
been reported as measurable (Kato,  Hamaguchi, Okawa, Ishikawa, Kobayashi 
and Natunuma, 1977).  Immunoassays manufactured in convenient k i t  form
are in routine use in c l i n i c a l  and research la b o ra to r ie s ,  but only 
recently  has i t  been real ised that there is a vast area of  po ten t ia l  
a p p l ic a t io n  in the f i e l d  of  immunoassays fo r  the screening of food. The 
t r a d i t i o n a l  approach to the complex problems of food analys is  has been 
is o la t io n  o f  the component o f  in t e r e s t ,  fol lowed by q u a n t i t a t i v e  est ima­
t io n ,  usual ly  by chromatographic or e le c t ro p h o re t ic  methods. The 
advantage of  immunoassay is that i t  allows the determinat ion i n  s i t u  of  
s p e c i f ic  antigens in mixtures ,  w i th  l i t t l e  or no sample pretreatm ent.  Thus 
the ap p l ic a t io n  of  immunoassays to a n a ly t ic a l  problems in the food industry  
involves using e x is t in g  techniques in a h i t h e r t o  unexploited area .
However, using a technique which is already  well  establ ished in one 
f i e l d ,  and applying i t  to a d i f f e r e n t  area ,  is not without i ts  drawbacks.  
The problems encountered in food analysis  can be very d i f f e r e n t  from those 
encountered in c l i n i c a l  biochemistry.  The ant ibody-ant i  gen in te rac t io n  
can be extremely s p e c i f i c ,  and th is  is exp lo i ted  in the f i e l d  of  c l i n i c a l  
diagnostics where i t  is necessary to measure the ana ly te  o f  in te r e s t  and 
avoid cross-reactions w i th  s t r u c t u r a l l y  re la ted  compounds. However, w h i ls t  
there are many instances where a s p e c i f ic  antiserum would be useful  in 
food a n a ly s is ,  there are a lso occasions where a non-spec i f ic  antiserum  
would be more b e n e f i c i a l ,  in order to determine the presence o f  a group 
of compounds. In the case of  a hapten, which by d e f i n i t i o n  does not 
e l i c i t  an immune response unless f i r s t  attached to a macromolecular sub­
stance such as p ro te in ,  a c e r ta in  amount of  control  can be exerc ised over  
antibody s p e c i f i c i t y  by judicious choice of  the pos i t ion  on the molecule 
used to l in k  the hapten to the macromolecule. The antibody recognises 
with  highest a f f i n i t y  those s t ruc tura l  features  o f  the hapten located  
fu r t h e s t  from the point of  attachment to the c a r r i e r  prote in  (Landste iner ,  
19^5).  Therefore ,  t r a d i t i o n a l l y  a hapten has been l inked in such a way as 
to expose areas of  the molecule which are s t r u c t u r a l l y  d i f f e r e n t  from 
re la ted  compounds, and so produce a highly s p e c i f ic  antiserum. In c o n tras t
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to the t r a d i t i o n a l  approach, where i t  is des i rab le  to develop an immunoassay 
with  group s p e c i f i c i t y ,  conjugation of  the hapten must be through the 
v a r ia n t  part  o f  the molecule,  w h i ls t  exposing the common areas possessed 
by the members of  the group i t  is required to assay.
Another fa c to r  which may have to be considered in the a p p l ic a t  ion 
of immunoassays fo r  the determination of  food components, is changes 
which may be brought about by the processing involved in manufacture.  In 
the case of prote ins in p a r t i c u l a r ,  denaturat ion may re s u l t  in a change in 
immunochemical p rope r t ies ,  resu l t in g  in b io log ica l  a l t e r a t i o n  o f  the 
prote in  ingred ient .  Epitopes (ant igenic  determinants) can be rendered 
unava i lab le  during processing e .g .  by hydro lys is ,  d i r e c t  chemical reaction  
or occlusion via  c r o s s - l in k in g ,  or a l t e rn a t i v e ly ,p r o c e s s in g ,  might re su l t  
in the exposure of  ext ra  a n t igen ic  determinants.  A change in the a f f i n i t y  
fo r  antibody in p a r t i a l l y  denatured or heat aggregated molecules could 
a f f e c t  the r e l i a b i l i t y  of  t e s t  resu l ts  ca lcu la ted  from standard curves,  i f  
unheated prote in  was used as the standard.
I f  na t ive  prote ins are used fo r  immunization, the antibodies  so 
produced may f a i l  to recognise processed or cooked ( i . e .  denatured) a n t i ­
gens. In order to overcome th is  problem, prote ins have been extrac ted  
using prote in  denaturants such as urea,  urea-mercaptoethanol (Koh, 1978),  
formaldehyde (Menzel and Hagemeister,  1982) and sodium dodecyl sulphate  
(Ravestein and Driedonks,  1986).  Proteins are then "renatured11 to an 
ant igen ic  form by d ia lys in g  to remove the denaturant ,  or by d i l u t i o n .
In order to obtain as wide an antibody populat ion as possib le  against  
the various a n t igen ic  determinants of  the p ro te in ,  the immunization 
materia l  consists of  a mixture of  n a t ive  p ro te in ,  and heat-denatured and 
renatured molecules.  Polyvalent an t ise ra  which recognised several epitopes  
form the basis of  the immunoanalysis, thus providing a general method fo r  
the q u a l i t a t i v e  ch ara c te r is a t io n  and q u a n t i t a t i v e  est imation of  ind iv idua l  
prote ins in food products, even a f t e r  severe processing.  The s o l u b i l i s a t io n
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and renaturat ion  procedure is car r ied  out on samples, so tha t  a l l  p ro te in s ,  
whether n a t ive  or cooked, are brought to a common conformation.  However, 
problems encountered with  soya pro te in  have indicated that  such a 
s o l u b i l i s a t io n  and renaturat ion  procedure does not always convert the 
prote in  in a l l  samples to q u i te  the same a n t ig e n ic  form (Hitchcock,  B a i ley ,  
Crimes, Dean and Davis,  1981).
Thus, changes involved in the ana ly te  during processing and s p e c i f i c i t y  
of the antiserum were two fa c tors  to consider when choosing an ana ly te  
to eva luate  the po te n t ia l  of  immunoassays f o r  food a n a lys is .  A f u r t h e r  
fa c to r  to take into considerat ion was whether to s e le c t  a compound fo r  
which there was no s a t is f a c t o r y  method o f  measurement, or to choose an 
ana ly te  with  establ ished methods of measurement, and compare the immuno­
assay with  the e x is t in g  methodology. The l a t t e r  option was chosen, and 
hypoxanthine was selected as an ana ly te .
Hypoxanthine (6-hydroxypurine) has received considerable  a t te n t io n  
as an index of  q u a l i t y  in f i s h .  R e l iab le  methods of  assessing the f re s h ­
ness of  f i s h  are e s s e n t i a l , because of a l l  the f le sh  foods,  f i s h  is the 
most susceptib le  to a u to ly s is  ox idat ion  and hydrolysis of  f a t s ,  and 
microbial  spoi lage.  Fish f le sh  is considered more per ishable  than meat 
because o f  more rapid au to lys is  by the f i s h  enzymes, and because of  the 
less acid reaction of  f i s h  f le s h  tha t  favours microbial  growth.
Hypoxanthine as an analy te  f o r  an immunoassay had the advantage of  
being stable  in f i s h  f le s h  under cooking condi t ions  (Jones, 1963).
Therefore,  there  would not be any change in immunochemical proper t ies  
as a resu l t  of  processing,  and the te s t  could be applied to canned and 
other heat-processed f i s h ,  as well  as to fresh and frozen f i s h .
Any p a r t i c u l a r  chemical e n t i t y  which is to be used as an index of  
q u a l i t y  should s a t is f y  the fo l lowing c r i t e r i a : -
1) i t  should be absent,  or present in constant amount in fresh samples;
2) i t  should accumulate (or disappear)  qu ickly  and a t  a steady ra te  
with  time;
-  k -
3) i t  should occur in a wide v a r ie t y  of  species and products; 
k)  i t  should be amenable to simple and rapid est imation.
Hypoxanthine f u l f i 1s-most■of these c r i t e r i a .  I t  is e i t h e r  absent  
or present in very low concentrat ion in f re s h ly  caught f i s h ,  but because 
i t  is produced as a re s u l t  of  a u t o l y t i c  changes, i t  begins to accumulate 
soon a f t e r  death, as a re s u l t  of  the breakdown of adenosine tr iphosphate  
(ATP).
Figure 1 shows the d i f f e r e n t  ATP degradation steps which may occur 
post-mortem. Native  enzymes present in the t issues re ta in  much of t h e i r  
a c t i v i t y  a f t e r  death,  and provided the re levant  substrates and cofactors  
are a v a i l a b l e ,  continue to operate even a t  sub-zero temperatures (Jones,  
1963).  Indeed, the rates of  some a u t o l y t i c  reactions are measurable even 
a t  -30°C (Burt ,  1977).
Nucleot ides ,  nucleosides and other purine d e r iv a t iv e s  undergo con­
s id erab le  changes during a u t o ly s is ,  s t a r t in g  with  the loss of  the terminal  
phosphate group of ATP. Further  enzymic removal of  phosphate and amino 
nitrogen from adenine nucleot ides takes place r a p id ly ,  r e s u l t in g  in the 
accumulation of  the nucleosides inosine and adenosine.  The purine bases,  
hypoxanthine and adenine, are released in the hydrolys is  or phosphorolysis 
of inosine and adenosine re s p e c t iv e ly ,  w i th  the concommitant accumulation 
of f re e  r ibose.
The advantages of  hypoxanthine over other  chemical e n t i t i e s  used 
as indices o f  f i s h  q u a l i t y  become apparent once the d i s t i n c t io n  is made 
between tests  of  freshness and tests  of  spoilage.  As hypoxanthine is 
produced as a re su l t  of  a u t o l y t i c  changes, i t  begins to accumulate long 
before the products of  b a c te r ia l  spoi lage,  which are a lso  used as indices  
of qual i  t y .
Bacter ia  which are part  of  the externa l  slime of  f ishes  and t h e i r  
in te s t in a l  contents f i r s t  of  a l l  grow on the sur face ,  and l a t e r  invade the 
t issues.  At c h i l l  temperatures there  is a decrease in metabolic a c t i v i t y
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FIGURE 1 A u to ly t ic  degradation o f  ATP postmortem
In most cases the ra te  determining step is (a) or (b) depending 
upon the species of  f i s h ,  and consequently inosine or hypoxanthine is 
accumulated wi th increase o f  storage t ime.
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of mesophiles,  fol lowed by a gradual assert ion of  the psychrotrophic  
b a c te r ia .  Species of  Pseudomonas predominate, wi th Achromobacter  and 
Flavobacterium  species next in order of  importance (L is t r o n ,  1980).
Fish have a high content of  non-protein ni trogen and a u t o l y t i c  
changes caused by t h e i r  enzymes increase the supply o f  nitrogenous sub­
stra tes  such as amino acids .  From these compounds the ba cter ia  produce 
tr imethylamine,  ammonia, amines such as putrescine and cadaver ine,  lower 
f a t t y  acids and aldehydes.  Of these compounds, the most widely  used 
indices of  q u a l i t y  are the to ta l  v o l a t i l e  bases (ammonia + amines),  which 
fo r  a n a ly t i c a l  convenience are  of ten estimated as a group, and t r im e t h y l ­
amine, which measured in d iv id u a l ly  forms the basis of  many te s ts .
However, the products of  b a c te r ia l  spoi lage do not become measurable 
u n t i l  those micro-organisms i n i t i a l l y  present have m u l t ip i i e d  s i g n i f i c a n t l y ,  
genera l ly  requir ing  2-3 days a t  room temperature,  or f i v e  days in ice,  
whereas any useful  method of measuring f i s h  q u a l i t y  should be capable of  
o b je c t iv e  assessment o f  the age of  f i s h  from the time of capture up to  
f i v e  days a f t e r  capture,  when stored a t  c h i l l  temperatures. Fish may 
be caught a t  some distance from the shore, so that  i t  is necessary to  
c h i l l  or freeze  on the f i s h in g  boat before the f is h  is landed, but good 
q u a l i t y  frozen f i s h ,  tha t  is to be kept in cold store  f o r  any length of  
t ime, can only be produced i f  the o r ig in a l  materia l  has been stored in 
ice f o r  not more than 3 days a f t e r  catching (Burt ,  1977).
The l im i t a t io n s  of  using the products of  b a c te r ia l  spoi lage as 
indices of  q u a l i t y  become apparent from a study comparing instrumental  
and chemical assessments of  the freshness of wet f i s h .  Trimethylamine  
values from f i s h  stored f o r  less than 7 days in ice were so low th a t  they 
were not used in the subsequent analys is  (Bur t ,  Gibson, Jason and Sanders,  
1976).  With hypoxanthine however, there  is no lag phase in i t s  bu i ld  
up as i t  is produced as a re su l t  of  a u t o l y t i c  changes.
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A f u r t h e r  l i m i t a t io n  of  tr imethylamine as an index of  q u a l i t y  
is tha t  i t  has a somewhat r e s t r ic te d  occurrence,  being absent from most 
freshwater species and many non-gadoid marine species of  f i s h ,  whereas 
the accumulation of  hypoxanthine has been studied in over 150 species of  
f i s h ,  and in 80% of them i ts  concentrat ion has been found to r i s e  throughout 
the commercial ly important periods of  storage a t  c h i l l  temperatures 
(Burt ,  1977).  The m a jo r i ty  of  the species studied have been freshwater  
and marine te leos ts  ( f i s h  wi th  a bony s k e le to n ) ,  such as cod, haddock, 
p la ic e ,  herr ing and salmon. However, the elasmobranch species ( f i s h  
with a c a r t i la g in o u s  skeleton) such as skate and dogfish have a lso  been 
tes ted ,  as well  as s h e l l f i s h  (crustaceans and molluscs).  Examples of  
species where hypoxanthine can be used as an index o f  q u a l i t y  include  
haddock, p la ic e  and lemon sole (Kassemsarn, Perez, Murray and Jones, 1963),  
cod (Jones, Murray Liv ingstone and Murray, 1964; Jones Murray and Burt ,
1965; Burt e t  a l . ,  1976),  red salmon and pink salmon ( F u j i i ,  Hi rose,
Tezuka and Noguchi, 1969),  f l a t f i s h ,  white  croaker,  b ig -e ye ,  p a c i f i c  
h a l ib u t ,  h a i r t a i l  and shark (Ehira and Uchiyama, 1973), w in te r  f lounder  
(Jahns, Howe, Coduri and Rand, 1976),  w h i te f is h  (Warthesen, Waletzko and 
Bust, 1980),  sea bass, s a u r e l , mackeral ,  yel low f i s h  and f lounder  
(Watanabe, Ando, Karube, Matsuoka and Suzuki , 1983) and a t l a n t i c  queen 
drab (Hi 1tz  and Bishop, 197$).
The r ise  in hypoxanthine concentrat ion wi th  storage time in so many 
d i f f e r e n t  species is probably accounted f o r  by the widespread occurrence
of ATP a t  f a i r l y  uniform concentrat ion in muscle t i s s u e ,  and the near
(
uniformity  of  i t s  degradative pathway.
Hypoxanthine, th e re fo re ,  f u l f i l l e d  the c r i t e r i a  of  being absent from 
fresh f i s h ,  but accumulating quickly  and a t  a steady ra te  with  t ime, and 
a lso  occurring in a wide v a r ie t y  of  species.
A fu r t h e r  advantage of  hypoxanthine as an index of  q u a l i t y  is the 
close c o r r e la t io n  which has been found between hypoxanthine concentrat ion
and organolept ic  data .  Sensory tests  are based on general appearance,  
raw odour, cooked odour and cooked f la v o u r .  A good c o r r e la t io n  has been 
found between hypoxanthine concentrat ion and raw odour scores, and a lso  
between hypoxanthine concentrat ion and cooked f la vo u r  (Burt  e t  a l . ,
1976).
The c o r r e la t io n  wi th  f la v o u r  scores has been a t t r i b u t e d  to the fa c t  
tha t  hypoxanthine has a b i t t e r  f l a v o u r ,  whereas inosine 5 1-monophosphate 
is an enhancer of  p leasant,  sweet and meaty f lavo u rs ,  and is ,  th e re fo re ,  
important in the maintenance of the p a l a t a b i l i t y  o f  f i s h  f l e s h .  I ts  
degradation to hypoxanthine,  th e re fo re ,  r e f l e c t s  not only the disappearance  
of a d es i rab le  f lavou r  c o n s t i tu e n t ,  but a lso the appearance of  an un- 
des i rable  one.
However, other fac to rs  may play a part  in e s tab l ish ing  the c o r r e la t io n  
between hypoxanthine concentrat ion and f la vou r  scores.  Hughes and Jones 
(1966) in a study of  hypoxanthine concentrat ion in canned her r in g ,  
concluded tha t  compounds other  than hypoxanthine determine the l i m i t  of  
e d i b i l i t y  and th a t  fresh f i s h  may contain substances that  mask hypoxanthine  
f l a v o u r ,  w h i ls t  b a c te r ia l  spoi lage -ei ther removes such agents or e lse  
resul ts  in the 1 ibera t ion  of  compounds which enhance the b i t t e r  f la v o u r  of  
hypoxanthine.
As an analy te  f o r  an immunoassay hypoxanthine did have the disadvantage  
of being a low-molecular' -weight compound (M.W. 136 . 1 1 ) .  W hi ls t  i t  is 
r e l a t i v e l y  easy to induce antibody formation against large  molecules,  
such as pro te ins ,  compounds having a molecular weight of  <5000 dal tons 
are not usual ly  immunogenic. An antiserum is obtained by f i r s t  coupling  
the low molecular weight compound (hapten) to a large  c a r r i e r  molecule,  
pre fe rab ly  a prote in  that is i t s e l f  immunogenic in the species to be used. 
In jec t io n  of  the conjugate resu l ts  in the production of  a polyclonal  
antiserum conta ining antibodies to the hapten as well  as to the c a r r i e r  
p ro te in .  Many haptens have molecular weights considerably l a rg e r  than that
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of hypoxanthine.  The low molecular weight of  hypoxanthine,  coupled
with  the f a c t  that i t  is a molecule found endogenously would probably both
combine to make i t  d i f f i c u l t  to produce an immune response.
A l l  immunoassays use a n o n -p re c ip i ta t in g  antibody in the primary  
reac t ion ,  and a lab e l le d  form of the antigen or antibody f o r  q u a n t i f i c a t io n .  
In the i n i t i a l  stages o f  s e t t in g  up any immunoassay, i t  is necessary to 
have a r e l i a b l e  method of screening sera f o r  an antibody response. Due 
to the ready a v a i l a b i l i t y  of  [G-3H] hypoxanthine (Amersham In te rn a t io n a l  
p i c ) ,  i t  was decided to i n i t i a l l y  develop a radioimmunoassay with  the  
p o s s i b i l i t y  of  changing to a non-isotopic  label  a t  a l a t e r  stage.
A radioimmunoassay is an example of  a compet it ive  pro te in  binding  
assay. A l i m i t in g  amount of  antiserum is used, such that the number of  
ant ibodies  to the ana ly te  is less than th a t  required to bind a l l  the 
ana ly te  and marker,  usual ly  a t r i t i a t e d  [ 3H],  iodinated [ 125 l]  or R e ­
lab e l led  analogue of the a n a ly te .  The lab e l led  and unlabel led  forms of  
the an a ly te ,  th e re fo re ,  compete fo r  the l im i te d  number of  antibody  
combining s i t e s .  Free and antibody bound molecules are  l a t e r  separated  
in a stage termed phase separation.  The amount of  r a d io a c t i v i t y  in 
the bound f r a c t io n  is inversely  proport ional  to the i n i t i a l  concentrat ion  
of a n a ly te ,  since the amount of  marker is constant.
Fol lowing phase separation,  the d is t r i b u t i o n  of  the lab e l le d  antigen  
between the antibody-bound phase and the f r e e  phase is determined. E i th e r  
phase can be q u a n t i f i e d ,  and th is  is achieved by gamma, alpha or beta 
counting,  the l a t t e r  two types o f  emission being r o u t in e ly  measured by 
l iq u id  s c i n t i 1la t io n  counting.
Therefore,  to es tab l ish  a radioimmunoassay, the basic requirements  
are a source of pure compound to form standards w i th in  the assay,  a 
r a d io la b e l1ed form of the a n a ly te ,  and an antiserum s p e c i f ic  f o r  the a n a ly te .  
The assay must be val ida ted  by obta in ing repeat da ta ,  and a lso  i f  possible  
by comparison with  an establ ished method.
To summarise, the o b jec t ive  of  th is  work was to ra ise  a n t is e ra  s p e c i f ic
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fo r  hypoxanthine and to develop and v a l id a t e  an immunoassay f o r  measuring 
hypoxanthine concentrat ion in f le sh  foods post-mortem, and so es tab l is h  
the immunoassay as a technique fo r  measuring the q u a l i t y  of  such 
foods.
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CHAPTER 2
CHAPTER 2
2 ,  T HE SYNTHESIS OF D ER IVA TIVES OF HYPOXANTHINE
2.1 INTRODUCTION
The Introduction to th is  Chapter reviews the e x is t in g  methods of  
preparing pur ine-conta in ing  and p u r in e - re la te d  immunogens, fol lowed by 
a descr ip t ion  of  the methods used fo r  preparing a c t iv e  d e r iv a t iv e s  of  
hypoxanthine fo r  subsequent attachment to c a r r i e r  p ro te in .
Hypoxanthine belongs to the group of  compounds known as purines,  
a l l  of  which are  derived from the parent compound pur ine ,  which consists  
of a pyr imidine r ing fused to an imidazole r ing (Figure 2 ) .
Two purines of p a r t i c u l a r  importance b i o l o g i c a l l y  are the purine
bases adenine (6-amino purine) and guanine (2-amino-6-hydroxy p u r i n e ) ,
which are const i tuents  o f  the nucle ic  acids DNA and RNA. Other n a t u r a l l y
occurring purines are hypoxanthine,  xanthine and ur ic  a c id ,  which are
examples of  mono-di- and tr ioxopur ines re sp e c t iv e ly .  They are found in
d iverse b io log ica l  systems, e i t h e r  as end products of  metabolism, or as*
in termediates.  The purines a lso include N-methylated xanthines such as 
theophyl l ine  ( 1 ,3 - d im ethy lx an th ine ) , theobromine ( 3 ,7 “dimethyIxanthine)  
and c a f fe in e  ( 1 , 3 , 7“ t r im e t h y Ix a n t h in e ) , a l l  of  which are  found in beverage 
p la n t s .
There has been in te re s t  in the ra is in g  of  antibodies to purines on 
two accounts. F i r s t l y ,  antibodies against nucle ic  acids and t h e i r  components 
have received a t te n t io n  because of  t h e i r  use in the study of  the f i n e  
s truc ture  of  DNA and RNA, as model systems to understand the mechanism of  
recogni t ion between a prote in  and a nucle ic  ac id ,  and because of  t h e i r  
possible  ro le  in auto-immune diseases.
Secondly, the N-methylated xanthines and t h e i r  d e r iv a t iv e s  are of  
pharmacological in te re s t  and immunoassays have been developed f o r  these 
compounds. These two separate areas of  in te re s t  w i l l  be considered in tu rn .
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FIGURE 2 The purine r ing system
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2 .1 .1  Antibodies Against Nucleic Acids and The ir  Components
A substances that is not usual ly  immunogenic, but which becomes 
so when coupled to a la rge r  molecule is termed a hapten. Nucleic acids  
do not s t im ula te  s ig n i f i c a n t  antibody production when in jected alone,  
but immunising complexes are formed when nucle ic  acids or t h e i r  components 
are t rea ted  as haptens and l inked to c a r r i e r  p ro te in .
While in most instances haptens are conjugated to the c a r r i e r  by 
covalent  bonds, Plescia e t  a l .  (196*0 f i r s t  showed that the c a r r i e r  need 
only form a s tab le  complex with  the hapten. DNA is an a c id ic  polymer and, 
th e re fo re ,  in te rac ts  r e a d i l y ,  presumably by e le c t r o s t a t i c  fo rces ,  w i th  
basic prote ins .  Methylated bovine serum albumin complexed e l e c t r o s t a t i c a 1ly 
with  denatured DNA, proved to be an e f f e c t i v e  c a r r i e r  (P les c ia ,  Braun and 
Palczuk,  1964).  Such complexes are s tab le  under-normal physiolog ical  
condi t ions ,  but d issoc ia t ion  occurs a t  high and low pH, and a t  high ionic  
strength (P lesc ia ,  Braun, Imperato, Cora-Block,  Jaroskova and Schimbor, 
1968).
The disadvantage of  using in ta c t  nucle ic  acids as haptens is that  
a n t i - n u c le ic  acid antibodies  can c ross -react  wi th many d i f f e r e n t  molecular  
species of  nucle ic  ac ids ,  i f  they contain base sequences s im i la r  to the 
determinant groups in the immunogen. In order to obta in antibodies  useful  
in e lu c id a t in g  s t ru c tu ra l  fea tures  of  nucle ic  acids and r e la t e  b io lo g ic a l  
functions of nucle ic  acids to t h e i r  s t ru c tu re ,  i t  was necessary to produce 
antibodies of  narrower s p e c i f i c i t y .  Accordingly ,  methods were developed 
f o r  using s p e c i f i c  fragments of  nucle ic  acids as haptens,  and immunogens 
have been prepared in a number of  ways by cova lent ly  l in k in g  such haptens 
to c a r r i e r  p ro te in .
Nucleosides,  nucleotides and o l igonuc leot ides  have been used 
extens ive ly  fo r  conjugat ion.  Mononucleotides or nucleosides have been 
converted to nucleoside-5“carboxy1ic ac ids ,  which were then subsequently 
l inked to polyamin© acids conta ining f r e e  6-amino groups (Se la ,  Ungar-Waron
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and Shechter, 1964).
Many of the conjugation methods require  some form of p re l im inary  
chemical modi f icat ion  of  the mononucleotide,  nucleoside or base. However, 
mononucleotides can be coupled d i r e c t l y  to prote in  with  the use of  c a r b o d i i -  
mides as coupling agents (Hal loram and Parker,  1966).  T h e o r e t i c a l ly ,  
using th is  method, conjugation could occur with  the formation of  e s t e r ,  
phosphodiester or N-P bonds. Experimental re s u l ts ,  however, indicated  
the formation of  N-P bonds p r im a r i l y .
However, probably the most convenient and widely used conjugation  
method fo r  r ibo-nucleos ides or r ibo -nuc leot ides  involves per iodate  ox idat ion  
of the sugar moiety (Erlanger  and Beiser,  1964).
The method is of  general a p p l ic a t io n  requir ing  only tha t  the sugar 
moiety possess two v ic in a l  (adjacent)  hydroxy groups. Periodate  is used 
to break the hemiacetal r ing s t ruc ture  between v ic in a l  hydroxy groups,  
re su l t in g  in the formation of  dialdehydes.  The dialdehydes,  w i thout  
i s o la t io n ,  are  condensed wi th  the lys ine  amino groups of  p r o te in ,  to  
y ie ld  a ld imines.  A more stable  covalent bond is then formed on add i t ion  
of a reducing agent such as sodium borohydride.
Ant ibodies s p e c i f ic  fo r  adenosine have been produced using th is  
method (Er langer and Be iser,  1964 ; Lauer and Er langer ,  1974 ; Sato,  
Kuninaka, Yoshino and U n i t ,  1982), and the o r ig in a l  procedure has been 
modified by some workers (Inouye,  Fuchs, Sela and L i t t a u e r ,  1971 ; E ich le r  
and G l i t z ,  1974 ; Drocourt and Leng, 1975).
Not only can nucleosides,  nucleotides and o l igonuc leot ides  be used 
fo r  conjugation to c a r r i e r  p ro te in ,  but purines alone can act as determinant  
groups, as was f i r s t  shown by But le r  e t  a l .  in 1962. Bovine serum albumin 
was reacted wi th 6 - t r ic h lo ro m e th y 1 purine to give  an immunogen with  
approximately 25 haptenic groups per mole of  c a r r i e r  p ro te in .  This 
immunogen induced antibodies  s p e c i f ic  fo r  the pur ine -6 -oy l  determinant  
(B u t le r ,  Beiser ,  Er langer,  Tanenbaum, Cohen and Bendich, 1962).  Since then
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antibodies  f o r  each of  the normal bases of  DNA and RNA and fo r  modified  
base analogues have been produced (Tanenbaum and Beiser,  1964).
Ungar-Waron e t  a l .  (1967) have discussed the r e l a t i v e  importance 
as an ant igen ic  determinant ,  of  the in ta c t  nucleoside,  as opposed to 
c onst i tuent  sugar or base. I t  appears that there is not a great d i f f e r ­
e n t i a t i o n  between the r ibonuc leot ide  and the deoxyr ibonucleot ide,  so 
there  is no marked s p e c i f i c i t y  fo r  the sugar component (Ungar-Waron,
Hurwitz,  Jaton and Sela ,  1967).
Equivocal resu l ts  have been obtained regarding s p e c i f i c i t y  fo r  the 
phosphate group. N uc leot ide -pro te in  immunogens induce antibodies  that  
recognise a l l  three c o n s t i tu e n ts , the base, the sugar and the phosphate 
group, and so react much b e t t e r  w i th  the nucleot ide  than wi th  the nucleo­
side or f ree  base. However, ant ibodies to nucleosides usual ly  react  
equal ly  wel l  w i th  nuc leot ides ,  (Humayun and Jacob, 1973).
By c o n t ra s t ,  antibodies  do show marked s p e c i f i c i t y  f o r  the purine  
or pyr imidine base component, as very small d i f fe rences  in s t ru c tu re  can 
be dist inguished by the antibody-forming mechanism. Furthermore,  when 
d in u c le o t id e -p ro te in  or t r i n u c l e o t id e - p r o t e i n  conjugates are used as 
immunogens, the inner-most base, c losest  to the pro te in  in the conjugate,  
may contr ibute  an unexpectedly large part  of  the s p e c i f i t y  (Bonavida, 1972).
2 .1 . 2  Antibodies Against the N-methylated Xanthines
The N-methylated xanthines have been widely  used in medicine.
Caffe ine  ( 1 , 3 , 7 - t r im ethy lxanth ine)  is a s t imulant of  the c en t ra l  nervous 
system, and is a lso  used as a d i u r e t i c  drug, th is  l a t t e r  e f f e c t  being caused 
by one of i ts  metaboli tes .  Theophyl 1 ine (l  ,3"’dimethylxanthine) has been 
widely used to t r e a t  broncKospasm associated wi th both asthma and chronic  
o b s truc t ive  lung disease,  and a lso  to prevent apnoea (holding of  the breath)  
and bradycardia (slowing of the heart )  in in fa n ts .  Due to t h e i r  medicinal  
uses, immunoassays have been developed to measure the leve l  of  these drugs 
in body f l u i d s .  (Cook, T a l l e n t ,  Amerson, Myers, Kepler,  Taylor  and Christensen
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1976 ; Cook, Twine, Amerson, Kepler and T ay lo r ,  1976 ; Neese and Soyka,
1977 ; Nishikawa, Kubo and S a i to ,  1979 ; Nishikawa, Sai to  and Kubo, 1979 ; 
L i ,  Benovic, Buckler and Burd, 1981) The theophyl l ine  and c a f f e in e  
d e r iv a t iv e s  used as haptens in these publ icat ions  were considered in some 
d e t a i l ,  because of the p o s s i b i l i t y  o f  using an analogous reaction to  
prepare an immunogen f o r  ra is ing  antibodies  to hypoxanthine.
Three d e r iv a t iv e s  of  theophyl1ine have been used fo r  l inkage to  
c a r r i e r  pro te in  (Figure 3 ) .  A l l  three d e r iv a t iv e s  involved the in t roduction  
of  a f re e  carboxy l ic  acid group into the hapten,  e i t h e r  a t  pos i t ion  7 or 
posi t ion 8,  so th a t  l inkage to the c a r r i e r  prote in  could be e f fe c te d  through 
reaction with  the E-amino groups of lys ine  residues.  The theophy l l ine  
d e r iv a t iv es  used were as f o l lo w s : -  theophyl1 ine-7-prop ion ic  acid (Nishikawa 
e t  a l . ,  1979); theophyl1 in e-8 -prop ion ic  acid (Cook, Twine e t  a l . ,  1976;
Li e t  a l . ,  1981); 8-carboxytheophyl1 ine (Neese and Soyka, 1977).  The f i r s t  
two theophy l l ine  d e r iv a t iv e s  were l inked by the mixed anhydride condensation 
method (Er langer ,  Borek, Beiser and Lieberman, 1957), and the t h i r d  
d e r iv a t i v e  by use of  a water soluble carbodiimide,  bovine serum albumin 
being used as c a r r i e r  prote in  in each case.
Landsteiner (1945) establ ished that  antibody s p e c i f i c i t y  is d i rec ted  
p r im a r i ly  a t  tha t  por t ion of  the hapten f u r t h e s t  removed from the func t iona l  
group tha t  is l inked to the prote in  c a r r i e r .  Therefore,  as the only 
d i f fe re n c e  between theophyl l ine  and c a f fe in e  is due to the methyl group 
a t  pos i t ion  7 (Figure 3 ) ,  in theory 1 inkage should not be e f fe c te d  through 
th is  p o s i t io n ,  as th is  would mask the only s t ru c tu ra l  d i f fe re n c e  between 
the two. However, d e r iv a t iv e s  l inked through pos i t ion  7 did r e s u l t  in 
ant ise ra  s p e c i f ic  fo r  th eophyl l ine  and c a f f e in e ,  wi th s u rp r is in g ly  l i t t l e  
c r o s s - r e a c t i v i t y .  1 ,3_dimethyIxanth ine-7"  Hexanoic acid used to produce 
ant ibodies  s p e c i f ic  fo r  c a f fe in e  (Cook, T a l l e n t  e t  a l . ,  1976) d i f f e r s  
from theophyl1 ine -7“propionic acid (used to produce antibodies  s p e c i f i c  
fo r  th e o p h y l l in e ) ,  only by having three add i t iona l  carbon atoms in the
-  17 -
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FIGURE 3 Structures o f  Theophy11ine and C af fe ine ,  and t h e i r  
Carboxyl Der iva t ives  used as Haptens
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multicarbon chain between the hapten and the c a r r i e r  prote in  (Figure 3 ) .
I t  would, th e re fo re ,  seem that part  of  the chain was involved in antibody  
s p e c i f i c i t y ,  a phenomenon ca l led  bridge recogni t ion.
A f t e r  considering the th eophyl l ine  and c a f fe in e  d e r iv a t iv e s  used as 
haptens i t  was appreciated that  d i f f i c u l t i e s  would a r is e  by using an 
analagous reaction to produce the immunogen to ra ise  ant ibodies  to hypox­
anthine because i t  would not be possible to bring about a reaction a t  
posi t ion 7 " , e x c lu s iv e ly ,  as in the case of  the th eophyl l ine  d e r iv a t i v e s .
In the hypoxanthine molecule,  there are no methyl groups attached to the  
N atoms a t  posi t ions 1 - ,  and 3” , to block reactions a t  these points  
(Figure b ) .
2 .1 .3  The Use of Adenine as a Hapten
T h e o r e t i c a l ly ,  i t  should be possible to use adenine as a hapten 
and l in k  through the 6-amino group with  a d icarbox y l ic  acid residue of  
the c a r r i e r  p ro te in ,  leaving posit ions 1 ,3 ,7  and 9 f re e  to  in f luence  
antibody s p e c i f i c i t y  (Figure 4 ) .  Such an approach would be p a r t i c u l a r l y  
useful w i th  c a r r i e r s  r ich  in a v a i l a b le  glutamic and a s p a r t ic  acid residues.  
However, i t  appears tha t  the primary amino group in adenine does not 
behave as such, probably due to the heteroaroma t i c  characte r  o f  the purine  
r ing system. When adenine and adenosine were reacted w i th  p r o te in ,  using 
a w ater -so lub le  carbodiimide as coupling agent,  the 6-amino group of  the 
base reacted very s lugg ish ly ,  i f  a t  a l l ,  the degree of  s u b s t i tu t io n  per mole 
of c a r r i e r  being <1 in the case o f  adenine,  and 5 in the case of  adenosine  
(Hal loram and Parker,  1965). Even the r e l a t i v e l y  s i i g h t  degree of  conjugation  
observed with  adenosine probably involved the primary hydroxyl group a t  
the 5' p os i t ion ,  rather than the 6-amino group of  the base.
2 .1 . 4  The Use of Hypoxanthine as a Hapten
Hypoxanthine shows tautomerism i . e .  two re a d i ly  i n t e r - c o n v e r t i b l e  
structures e x is t  in equ i l ib r iu m ,  d i f f e r i n g  only in e lec tron  d i s t r i b u t i o n
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and in the posi t ion of  a mobile proton (Figure 4 ) .  As these two s tructures  
contain q u i te  d i f f e r e n t  functional  groups, i t  was necessary to consider  
possible  reactions of hypoxanthine in both the keto and the enol forms.  
Reactions were sought amongst the methods used f o r  preparing s t e r o id -  
prote in  conjugates,  where f requent ly  a bridge is cova lent ly  inserted between 
the s te ro id  and the c a r r i e r  p ro te in ,  and where both keto and enol funct ions  
on the s te ro id  have been u t i l i s e d  as reac t ive  groups f o r  th is  purpose.
The bridge is introduced by using a b i func t iona l  reagent,  one end of  
which attacks a re ac t iv e  posi t ion on the hapten molecule,  wh i le  the other  
( f requent ly  a carboxyl group) forms an amide bond with the c a r r i e r  p ro te in .  
Steroids which contain the keto function have been reacted wi th  o-carboxy-  
methyl hydroxylamine (Wil l iams and Chase 1967),  w hi le  those wi th  a reac t iv e  
enol group have been reacted with  succinic anhydride to produce hemi- 
succinates (Kohen, Bauminger and Lindner,  1974 ; Sauer, Foulkes and Cookson, 
1981).  Examples of  these reactions are  shown in Figure 5.
Based upon the foregoing methods fo r  preparing pur ine-conta in ing  
immunogens and a c t iv e  s te ro id  d e r iv a t i v e s ,  f i v e  reactions were selected  
in an attempt to prepare reac t ive  d e r iv a t iv e s  of  hypoxanthine fo r  subsequent 
attachment to c a r r i e r  p r o t e i n : -
1. Hypoxanthine was reacted wi th succinic  anhydride in order to  
u t i l i s e  the hydroxy group of the enol tautomer.
2. Hypoxanthine was reacted with  carboxymethoxylamine hemihydro­
ch lo r ide  in order to u t i 1 ise the oxo group of  the keto tautomer.
3. 6 - t r ich lo ro m ethy l  purine was synthesised from 6-methyl pur ine ,  
and l inked d i r e c t l y  to c a r r i e r  p ro te in .
4 .  6 - t r ich lo ro m ethy l  purine was reacted with  4 -a m ino-n -butyr ic  
a c id ,  to give a 4-C spacer arm between the hapten and c a r r i e r  
pro te in .
5. 6 -ch lo ropur ine  was reacted with  carboxymethoxylamine hemihydro- 
ch lo r id e .
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FIGURE h The Structures of  Hypoxanthine, Adenine and 
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2.2  MATERIALS
Carboxymethoxylamine hemihydrochloride, 6 -ch lo ropur ine ,  sulphuryl  
ch lo r id e  and t r i f l u o r o a c e t i c  acid were obtained from Aldr ich  Chemical Co. 
L td . ,  Gi l l ingham, Dorset.  Absolute ethanol was obtained from James Burrough 
p i c . ,  Montford Place,  London. Optiphase Safe l iq u id  s c i n t i l l a n t  was from 
Fisons p i c . ,  Loughborough. Hydrochloric ac id ,  methanol and sodium 
hydroxide were from May and Baker L t d . ,  Dagenham. Hypoxanthine, Linde 
type 4A molecular sieve and 6-methyl purine were from Sigma Chemical Co .L td . ,  
Poole, Dorset.  A l l  o ther reagents were purchased from BDH Chemicals Ltd,  
East le igh ,  Hampshire, and were of  a n a ly t ic a l  grade.
2.3 METHODS
2.3 .1  In f ra  Red Spectral  Analysis
A l l  in f ra  red spectral  analyses were c arr ie d  out using a Nujol mull 
between sodium c h lo r ide  pla tes  and a scan time of f i f t e e n  minutes on a 
Beckmann 577 in f ra - re d  spectrophotometer.
2 .3 . 2  Reaction of  Hypoxanthine With Succinic Anhydride
The method used was a modi f icat ion  of  the method of Kohen e t  a l . ,
(197*0.  Pyr id ine  was dr ied by standing in contact w i th  so l id  sodium
hydroxide fo r  seven days. Hypoxanthine mg; k m mole) and succin ic
anhydride (*i00 mg ; k m mole were added to dry pyr id ine  (20 m l ) .  Succinic  
anhydride dissolved re a d i ly  in pyr id ine  a t  room temperature,  whereas
hypoxanthine appeared to be insoluble even a t  a temperature of  115°C, the
b o i l in g  point of  py r id in e .  The mixture was ref luxed f o r  seventy hours,  a t  
the end of which time there was s t i l l  a substant ia l  amount of  undissolved  
m a t e r ia l ,  which was presumed to be unreacted hypoxanthine.  In f ra  red 
spectra l  analys is  was c ar r ie d  out on th is  so l id  m a te r ia l .
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2 .3 .3  Reaction of  Hypoxanthine With Carboxymethoxylamine Hemihydrochloride
The method used was an adaptat ion of the method f o r  preparing preg­
nenolone 2 0 - (O-carboxymethy1) oxime from pregnenolone and carboxymethoxy- 
lamine (Er langer ,  e t  a l . ,  1957) (F igure  6 ) .
Substi tuted ammonia compounds such as carboxymethoxylamine are  
g enera l ly  obtained as t h e i r  hydrochlor ides,  so i t  is necessary to f i r s t  
make the so lut ion a lk a l in e  in order to obtain the f re e  base.
Carboxymethoxylamine hemihydrochloride (437 mg; 2 m mole) was 
dissolved in the minimum amount (25 ml) b o i l in g  e thanol .  Potassium 
hydroxide (2M ; 2 ml) was added, whereupon a p r e c i p i t a t e  o f  potassium 
ch lo r id e  was formed. Hypoxanthine (190 mg ; 0 .8  m mole) was added, and the 
mixture was ref luxed fo r  three hours. D i s t i 1 led water (6 ml) was added 
and the pH was adjusted to 10 -  10.5 by dropwise add i t ion  of  2M potassium 
hydroxide. A f t e r  e x t rac t io n  twice wi th ethyl  aceta te  the aqueous upper 
phase was a c i d i f i e d  to pH 2 .0  with  concentrated hydrochlor ic  a c id ,  and l e f t  
a t  a temperature o f  8°C f o r  72 hours. No p r e c i p i t a t e  had formed, so the 
solvent was evaporated by bubbling ni trogen gas through i t .  In f ra  red 
spectral  analys is  was car r ied  out on the p r e c i p i t a t e  which remained a f t e r  
evaporation of  the solvent.
2 .3 . 4  Preparat ion of  Pur?ne-6-Carboxymethyloxime from 6-ch lo ropur ine  
and Carboxymethoxylamine Hemihydfochloride
The method used was an adaptat ion of  the method f o r  preparing 6-N-  
hydroxylamino purine from 6 -chloropur ine  and hydroxylamine (G in e r -S o ro l la  
and Bendich, 1958) (Figure 6 ) .
Anhydrous condi t ions are essentia l  f o r  the reaction of 6 -ch lo ropur ine  
with  carboxymethoxylamine, so the solvent used (ethanol )  was dr ied  by 
prolonged contact w i th  Linde type 4A molecular s ieve.  Carboxymethoxy- 
lamine hemihydrochloride (437 mg ; 2 m moles) was dissolved in the minimum 
amount (25 ml) b o i l in g  ethanol.  Potassium hydroxide (112 mg ; 2 m moles) 
was dissolved in 3 m l . b o i l in g  ethanol.  The two so lut ions were mixed, and
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FIGURE 6 Reactions o f  6-0h lo ropur ine  and Pregnenolone w i th  Substi tu ted  
Ammonia Compounds
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the p r e c i p i t a t e  of potassium c h lo r ide  which formed was removed by f i l t r a t i o n  
using Whatman grade 1 f i l t e r  paper. The p r e c i p i t a t e  was washed w i th  hot 
ethanol .  The f i l t r a t e  was an e thano l ic  solut ion o f  carboxymethoxy1 amine.
6-Chloropurine (386 mg ; 2 .5  m moles) was dissolved in 10 ml. b o i l in g  
ethanol .  This so lut ion  was added to the carboxymethoxylamine s o lu t ion .
The mixture was ref luxed fo r  6 hours and stood overn ight ,  a t  8°C, by which 
time a s l i g h t  yel lowish p r e c i p i t a t e  had formed.
Carboxymethoxylamine hemihydrochloride (10 mg) was added to the  
reaction mixture,  which was then ref luxed fo r  a f u r t h e r  hour. The p r e c i p i t a t e ,  
which was the oxime d e r iv a t i v e  of  hypoxanthine,  was removed by c e n t r i f u g a t io n .  
In order to obta in  a f u r t h e r  y ie ld  of  the product,  the supernatant was 
concentrated by evaporation of  the so lvent ,  and again l e f t  overnight a t  8°C.  
Final  traces o f  solvent were removed by passing ni trogen gas through the 
so lu t io n .  The product was dr ied and stored in a dessicato r  over s i 1 ica 
g e l .
The UV spectrum of the product,  purine-6-carboxymethyloxime, was 
compared q u a l i t a t i v e l y  with  the UV spectrum of  the s t a r t in g  m a t e r ia l ,  
6-ch lo ropur ine .  UV spectral  analys is  was c ar r ie d  out on a Cary 219 scanning 
spectrophotometer, scanning from 240 -  290 nm, using quartz  cuvettes and 
a 1 cm 1 ight path.
Likewise,  the in f ra  red spectra o f  p u r ine-6-carboxymethyloxime and 
6-chloropur ine  were compared.
2 .3 .5  Preparation o f  6 -Trichloromethyl  Purine
The method used was adapted from a method describing the conversion  
o f  6-methyl purine into 6 - t r ich lo romethy l  purine,  using e i t h e r  N-ch loro -  
succinimide or sulphuryl  ch lor ide  (Cohen, Thom and Bendich, 1962) (F igure  
7 ) .
T r i f 1uoroacetic acid and sulphuryl  c h lo r ide  were both dr ied  before  
use, by standing f o r  2b hours over Linde type b/\ molecular s ieve .
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6-Methyl purine (250 mg) was dissolved in 5 ml t r i f l u o r o a c e t i c  ac id .
Sulphuryl ch lo r id e  (1 ml) was added, and the mixture'was ref luxed fo r  4 
hours. The solvent was evaporated by passing ni trogen gas through the 
s o lu t io n ,  resu l t in g  in a product of  syrupy consistency.  The residue was 
freed from adhering acid by repeated add i t ion  of  methanol and evaporation  
( three  t imes) .  The product was taken up in the minimum volume of  methanol 
and shaken vigorously to ensure thorough mixing.  A f t e r  standing overnight  
a t  8°C t r ichloromethyl  purine was obtained as a white  c r y s t a l l i n e  m a t e r i a l .  
The c ry s ta ls  were dr ied wi th  f i l t e r  paper and stored in a des iccato r  over  
s i 1ica g e l .
2 .3 .6  Preparat ion of  Purine-6-carboxypropanamide,  (6 - t r ich lo rom ethy l  
purine D e r iva t iv e  With a 4-carbon Spacer Arm)
6-Trich loromethyl  purine has been reacted wi th  amines, amino acids
and the E-amino groups of lys ine  residues of  p ro te in ,  to form amide l inkages,
(But le r  e t  a l . ,  1962).
This same method was, th e re fo re ,  used to react 6 - t r ic h lo ro m e th y l
purine wi th  4 -amino-n-butyr ic  ac id ,  in order to synthesise p u r ine-6-carboxy-
propanamide, a d e r iv a t iv e  with a 4-c  spacer arm, fo r  subsequent attachment
to c a r r i e r  prote in  (Figure 8 ) .
6-Tr ichloromethyl  purine (237 mg ; 1 m mole) and 4-am ino-n -butyr ic
acid (103 mg ; 1 m mole) were dissolved in b% aqueous te trahydrofuran
(75 m l ) .  The mixture was s t i r r e d  a t  room temperature fo r  3 hours,  w i th
the pH being maintained a t  10 -  10.5 by the add i t ion  of  1M sodium hydroxide.
The solut ion was dialysed overnight against running tap water ,  and then
freeze  d r ied .
2.4  RESULTS
2.4 .1  Reaction of  Hypoxanthine With a) Succinic Anhydride b) Carboxy-  
methoxylamine Hemihydrochloride
A comparison of the in f ra  red spectra o f  hypoxanthine,  the residue
l e f t  a f t e r  reacting hypoxanthine wi th  succinic anhydride,  and the residue
-  28 -
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l e f t  a f t e r  reacting hypoxanthine wi th carboxymethoxy!amine hemihydro- 
c h ior ide  showed no d i f fe re n c e  in the posit ions of  the peaks (F igure  9 ) .
I t  was, th e re fo re ,  concluded tha t  hypoxanthine had not reacted with  e i t h e r  
reagent.
2 .4 .2  Reaction of  6 -ch io ro pur ine  w i th  Carboxymethoxylamine Hemihydrochioride
Reaction o f  6 -ch lo ropur ine  with  carboxymethoxylamine resulted in the
c h a r a c t e r is t i c  absorption maximum being s h i f ted  to a longer wavelength 
(bathochromic s h i f t ) ,  the wavelength of  the product being 268 nm ra ther  
than 264 nm. This was consistent w ith  the value reported by Giner-  
Soro l la  and Bendich (1958) fo r  6-N-hydroxylamino pur ine.
The in f ra  red spectrum of the product was a lso d i s t i n c t  from both 
6-ch lo ropur ine  and carboxymethoxylamine, and from a mixture of  the two 
s t a r t in g  m ater ia ls  f o r  the react ion .  New peaks had appeared a t  1680 cm-1 
( c h a r a c t e r i s t ic  of  C=N s tre tch ing  in oximes) and 1070 -  1100 cm-1 
(c h a r a c t e r i s t ic  of  C-0 s t re tch ing  (Blout and F ie ld s ,  1950;Palm-and Werbin 1953)*  
Thus i t  was concluded that  a reaction had occurred,  re su l t in g  in the 
formation of  purine-6-carboxymethyloxime (Figure 11) .
2 .4 .3  Preparat ion of  a) 6 - t r ich lo ro m ethy l  purine b) Pur ine-6-carboxy-  
propanamide (6 - t r ich lo rom ethy l  Purine D e r iv a t iv e  wi th  a 4-Cf 
Spacer Arm)
The c rys ta ls  of  6 - t r ich lo ro m ethy l  purine which had formed a f t e r  
standing overnight a t  8°C were recovered,  dr ied  and weighed (258 mg ; 58% 
y i e l d ) .  A second synthesis achieved a 42% y i e l d .
No attempt was made to iso la te  the product o f  the reaction between 
6- t r ich lo ro m ethy l  purine and 4 -amino-n-butyr ic  ac id ,  so no data are  
a v a i la b le  fo r  y i e l d ,  or the in fra  red spectrum of  the product.  I t  was 
in fe rred that a react ion had taken place from the fa c t  that dropwise 
addi t ion of  sodium hydroxide (1M) was necessary to maintain the pH in the 
region 10 -  10.5 during the 3 hour reaction period (Section 2 . 3 . 6 ) .  Without
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scan speed 5 nm/cm
The curve composed o f  broken l ines  represents 6 -c h lo ro -  
purine
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i s o la t io n  the product (purine-6-carboxypropanamide) was condensed wi th  
c a r r i e r  prote in  as described in Section 3 - 3 . 3 ) •
2 .5 DISCUSSION
2.5 .1  Reaction of  Hypoxanthine With Succinic Anhydride
The materia l  recovered a f t e r  treatment of  hypoxanthine w i th  succinic  
anhydride appeared to be unchanged s t a r t in g  m a te r ia ls ,  as judged from the 
in f ra  red spectra (Figure 9 ) .  This was unexpected in view of  the previously  
reported success of  th is  reagent with  hydroxysteroids.  Lack of  react ion  
could not be a t t r ib u t e d  f u l l y  to the i n s o l u b i l i t y  o f  hypoxanthine in 
pyr id ine  since th is  solvent is used commercial ly f o r  the in te ra c t io n  of  
hypoxanthine and phosphorus pentasulphide (Wellcome Foundation L t d . ,  B r i t .  
P a t . ,  713, 286, 195^; El ion H i tch ings ,  U.S. Pat. 2 ,691 ,65^ ,  1955).  Again 
pyr id ine  is used as the solvent when 6-mercaptopurine is prepared from 
hypoxanthine (Beaman and Robins, 1951).
On c loser  examination of  the l i t e r a t u r e  i t  was appreciated tha t  the 
terminology "hydroxypurines",  although long estab l ished ,  is mis leading.
The designation of  hypoxanthine as 6-hydroxpurine in fe rs  tha t  a hydroxylated  
form is the dominant species present,  whereas the equ i l ib r ium  favours the 
keto tautomer (Figure k ) .
2 . 5 . 2  React ion of  Carboxymethoxylamine With a) Hypoxanthine b) 6-Chloropur ine  
The materia l  recovered a f t e r  treatment of  hypoxanthine w i th  carboxy-
methoxylamine appeared to be unchanged s t a r t in g  m a te r ia ls ,  as judged from 
the in f ra  red spectra (Figure 9)> whereas the reaction between carboxy-  
methoxylamine and 6 -chloropur ine  resulted in the formation of  a new product  
(Figure 11).
Carboxymethoxylamine had not previously  been reacted w i th  e i t h e r  
hypoxanthine or 6 -ch lo ropur ine ,  so there  was no establ ished methodology to  
fo l low .  The methods used were adaptat ions of  methods employed using
-  34 -
d i f f e r e n t  s t a r t in g  m a te r ia ls .  Hypoxanthine was reacted with carboxy-  
methoxylamine under the condit ions used to prepare pregnenolone 2 0 - ( 0 -  
carboxymethy1) oxime from pregnenolone and carboxymethoxylamine (Er langer  
e t  a l . , 1957),  w hi le  6 -ch lo ropur ine  was reacted under the condi t ions used 
to prepare 6-N-hydroxylamine purine from 6 -ch lo ropur ine  and hydroxyl amine 
(G iner -Soro l la  and Bendich, 1953).  As the methods were s im i la r  in broad 
o u t l i n e ,  but d i f f e r e d  in d e t a i l ,  no d i r e c t  comparison can be made between 
the reaction of  carboxymethoxylamine wi th  6 -ch lo ropur ine ,  and i t s  reaction  
with  hypoxanthine. I t  is ,  th e re fo re ,  a matter o f  some conjecture as to 
why the reaction wi th  6 -ch lo ropur ine  resul ted in the formation of  an 
oxime d e r iv a t i v e ,  whi le  the reaction with  hypoxanthine did not.
One fa c to r  which may be of  s ig n i f ic a n ce  is that carboxymethoxylamine 
was reacted with  6 -ch lo ropur ine  under anhydrous condi t ions,  w h i le  th is  
was not the case in the reaction with  hypoxanthine.  Both methods s t a r t  
with  the addi t ion  of  potassium hydroxide to an e thanol ic  so lut ion  of  
carboxymethoxylamine hemihydrochloride, in order to l i b e r a t e  the f r e e  base.  
However, whi le  the methodology adopted f o r  the reaction with  6 -c h lo ro -  
purine involved d issolv ing so l id  potassium hydroxide in dry e th a n o l , the 
method used fo r  the reaction with  hypoxanthine involved adding an aqueous 
solution of  potassium hydroxide.
The method d e ta i le d  in Section 2 . 3 . A was used fo r  the preparat ion of  
3 separate batches of  pur ine-6-carboxymethyl  oxime, and on one occasion 
when the solvent (ethanol)  had not previously  been d r ied ,  no reaction  
occurred.  I t  would, th e r e fo r e ,  appear tha t  anhydrous condi t ions are necessary 
fo r  the reaction between carboxymethoxylamine and 6 -ch lo ro pur ine .
Upon de ta i le d  examination of  the reaction mechanism, a more fundamental 
explanation f o r  the lack o f  r e a c t i v i t y  of  hypoxanthine towards carboxy-  
methoxylamine was found.
Fol lowing the lack of  r e a c t i v i t y  of  hypoxanthine towards succin ic  
anhydride, due to .a  predominance of  the keto tautomer over the enol form,
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carboxymethoxylamine had been selected as a reagent with  an a f f i n i t y  fo r  
the keto group. Such subst i tu ted  ammonia compounds react v ia  an add i t ion  -  
e l im in a t io n  mechanism, involving nucleophi1ic a t ta c k  on the carbonyl carbon 
atom by the lone p a i r  of  e lectrons on a nitrogen atom, fol lowed by 
e l im in a t io n  of  water (Figure 12) .
However, the e lec tron d i s t r i b u t i o n  of  the purine r ing system confers  
unusual s t a b i l i t y  on the molecule,  rendering i t  chemical ly unreact ive .
The purine molecule consists o f  a pyr imidine r ing jo ined  to an imidazole 
r ing (Figure 2 ) .  The pyr imidine r ing ,  because o f  the e le c t r o n - l o c a l i s i n g  
e f f e c t  of  the two ni trogen atoms, is an example of  a n -e lec t ro n  d e f i c i e n t  
system, whereas the imidazole r ing ,  with both s ing le  and doubly bonded 
ni trogen atoms, is an e lectron excessive system. The o vera l l  e lec tron  
d i s t r ib u t io n  is produced by a sharing of  the imidazole r ing n-e lec trons  
by the pyr imidine moiety.  The compensating e f f e c t  of  having a n -e lec t ro n  
excessive and n -e lec t ron  d e f i c i e n t  system in jux ta  pos i t ion  resu l ts  in a 
s tab le  b i c y c l ic  system, which is not suscept ib le  to a t ta c k  by nuc leoph i les .  
The inser t ion  of  e le c t ro n - re le a s in g  groups into the unsubsti tuted purine  
molecule,  such as the keto group of hypoxanthine,  increases yet  f u r t h e r  
the s t a b i l i t y  towards nucleophi les.
Therefore,  even though hypoxanthine ex is ts  predominantly as the keto  
tautomer,  ra ther  than the enol form, i t  does not undergo the react ions  
normally expected of  carbonyl compounds.
The lack of  r e a c t i v i t y  towards nucleophiles shown by hypoxanthine  
can be overcome by replacing the keto function by an atom capable of  ready 
s u b s t i tu t io n .  The most useful  group of compounds in th is  respect,  are the 
halogen purines,  which show exceptional  r e a c t i v i t y .  Halogen atoms a t  the
2 - ,  6 -  or 8 -  posi t ion are a l l  replaceable ,  but of  the monochloropurines, 
6-ch lo ropur ine  is the most re ac t iv e .  Chlorine is more e l e c t r o p h i 1 ic than 
oxygen, and, th e re fo re ,  has a stronger e lec tron  withdrawing e f f e c t ,  leaving  
the adjacent carbon atom more p o s i t i v e ly  charged, and, th e r e fo r e ,  more
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v  P 0 H\  '  e l im in a t io n  \
/  \  . .  ^  —  N — X + H o O
C N
where X =  (hydroxy lam ine)
—  N H o ( h y clraz i  ne)
*“ O C H 2 C O O H  (carboxymethoxylamine) 
or a lky l  or  a ry l  groups
FIGURE 12 Reaction o f  subst i tu ted  ammonia compounds 
with  the keto group
susceptib le  to nuce loph i l ic  a t ta c k  (Figure 13).
6-Chloropurine  had previously  been shown to react w ith  other  
subst i tu ted  ammonia compounds such as hydroxylamine and with hydrazine  
(G ine r -S oro l la  and Bendich, 1957 ; G in e r -S o ro l la ,  O'Bryant,  Burchenal 
and Bendich, 1966).  Using s im i la r  reaction condit ions pur ine-6 -carboxy-  
methyloxime was prepared from 6 -ch lo ropur ine  and carboxymethoxylamine. As 
carboxymethoxylamine had f a i l e d  to react w ith  hypoxanthine,  i t  was concluded 
that  the reaction wi th 6 -ch lo rp ur ine  was most l i k e l y  due to the much 
g rea te r  s u s c e p t i b i l i t y  to nuc leoph i l ie  a t tac k  o f  the l a t t e r  compound.
I t  may be possible to s l i g h t l y  shorten the reaction time fo r  the 
preparation of  p u r ine-6-carboxymethyloxime, by leaving out the f i n a l  stage  
involving the a dd i t ion  o f  a f u r t h e r  amount of  carboxymethoxylamine hemi- 
hydrochlor ide,  fol lowed by 1 hours r e f lu x in g .  The purpose of th is  was to 
t r y  and increase the y ie l d  of  the product,  as the add i t ion  of  hydroxylamine  
hydrochloride to the reaction mixture has been found to enhance the t ra n s ­
formation of  2 -s ubst i tu ted  6-chloropur ines into the corresponding hydroxyl-  
amino compounds (G iner -Soro l la  e t  a l . ,  1966).  In the reaction of  6 -c h lo ro -  
purine with  carboxymethoxylamine, there was no v i s i b l e  increase in the 
amount of  product formed, so i t  may be possible  to omit th is  step.
2 .5 .3  Preparation of  Purine-6Carboxypropanamide (6 -Tr ichloromethyl  Purine  
D e r iv a t iv e  With a ^-C Spacer Arm
6-Trichloromethyl  purine was reacted with a b i fu n c t io n a l  agent in 
order to provide a d e r iv a t i v e  with a spacer arm fo r  subsequent attachment  
to c a r r i e r  p ro te in .  The advantage of  using such a bridge is th a t  i t  makes 
the hapten protrude f u r t h e r  from the c a r r i e r  molecule,  thus g iv ing  i t  
s t e r i c  freedom, which allows i t  to be more e a s i ly  recognised by the 
c i r c u l a t i n g  lymphocytes. T h e o r e t i c a l ly ,  th is  should re s u l t  in a n t is e ra  of  
higher t i t r e  and a v i d i t y ,  and possibly a lso  higher s p e c i f i c i t y .  The spacer  
arm should be of  s u f f i c i e n t  length and r i g i d i t y  f o r  adequate pro trus ion  of  
the hapten away from the surface o f  the c a r r i e r ,  but no so long tha t  i t  c o i ls
-  38 -
hypoxanthi ne 6-chloropur  i ne
FIGURE 13 The structures  o f  hypoxanthine and 6 -ch lo ropur ine
Chlorine has a stronger e lectron-w ithdrawing  
e f f e c t  than oxygen, leaving the carbon atom 
at  the 6 -p o s i t io n  more p o s i t i v e ly  charged, and, 
th e re fo re ,  more susceptib le  to n u c leo p h i l ic  a t t a c k .
back upon i t s e l f ,  or the c a r r i e r  p ro te in ,  which can re s u l t  in loss of  
s t e r ic  freedom (Robinson, M o r r i s , . ’P i a l 1, Aherne and Marks, 1975). In 
aff i  n i ty chromatography i t  has been found that binding increases with  the 
number of  in te r -spac ing CH2 groups from 2 to 5 but tha t  no g re a te r  s t e r i c  
a v a i l a b i l i t y  is achieved by f u r t h e r  increasing the length of  the spacer  
arm. Accordingly A-amino-n-butyric  acid was chosen as a b i fu n c t io n a l  
reagent fo r  reaction wi th  6 - t r ich lo ro m e thy l  purine ,  in order to provide  
a spacer arm of the optimimum length (A-c) f o r  maximum s t e r i c  freedom of  
the hapten.
2.6  CONCLUSIONS
Of the 5 reactions which were c a r r ie d  out ,  3 resulted in the formation  
of a c t iv e  de r iv a t iv e s  of  hypoxanthine s u i ta b le  f o r  subsequent attachment  
to c a r r i e r  p ro te in .  In add i t ion  to the standard preparat ion of  6 - t r i c h l o r o -  
methyl purine ,  a d e r iv a t i v e  of  th is  compound wi th a A-c spacer arm was 
prepared,  namely pur ine-6-carboxypropanamide.
Hypoxanthine showed an unusual degree of  s t a b i l i t y ,  having no r e a c t i v i t y  
towards reagents when considered in e i t h e r  the keto or the enol form. The 
use of 6 -ch lo ropur ine ,  a f a r  more reac t ive  analogue of hypoxanthine,  resul ted  
in the successful synthesis of  a novel carboxymethoxylamine d e r i v a t i v e ,  
purine-6-carboxymethyl oxime.
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CHAPTER 3
CHAPTER 5
3 .  CONJUGATION REACTIONS AND DETERMINATION OF THE MOLAR 
DERIVATIZATION OF A CONJUGATE
3.1 INTRODUCTION
This Chapter describes the conjugation reactions used to l in k  
hypoxanthine d e r iv a t iv e s  to p ro te in ,  and a lso  describes the methods used 
to determine the molar d e r iv a t i z a t i o n  (the number of  moles of  hapten l inked  
to each mole of  c a r r i e r )  fo r  each o f  the conjugates.
3 .1 .1  Choice of  C a r r ie r  Protein
When choosing a c a r r i e r  prote in  fo r  l inkage to a hapten there  are  
two fac tors  to consider ,  the e f f e c t  of  the prote in  on the s o l u b i l i t y  of  the 
resu l t ing  immunogen, and i ts  e f f i c ie n c y  in generating an antibody response.
Prote in c a r r i e r s  which have been used, include the serum albumins of  
various species,  g lobu l in  f r a c t i o n s ,  haemocyanin, ovalbumin and f ib r in o g e n .  
Landsteiner (19A5) used the serum albumins,  and since then bovine serum 
albumin (BSA) has probably been the most widely  used c a r r i e r  p r o te in ,  since  
i t  is inexpensive,  re ad i ly  ob ta inab le ,  and l i k e l y  to y ie ld  soluble  con­
ju g a te s .  Other c a r r i e r s ,  in p a r t i c u l a r  keyhole l impet haemocyanin, usual ly  
re su l t  in the formation of  highly insoluble  conjugates.  Whi ls t  insoluble  
immunogens can be used fo r  immunisation, they are  d i f f i c u l t  to p u r i f y  and 
emuls i fy ,  and subsequent ch ara c te r is a t io n  of  the antiserum can a lso  be a 
problem. The use of  ovalbumin usual ly  resu l ts  in the formation of  conjugates  
of  intermediate  s o l u b i l i t y .
The antibody response to a hapten is a re s u l t  of  co-operat ion between 
a t  least two f u n c t io n a l ly  d i s t i n c t  types o f  c e l l s  in the immune system,  
the T-lymphocytes ( T - c e l l s )  and the B-lymphocytes ( B - c e l l s ) .  The e f f i c i e n c y  
of a c a r r i e r  prote in  in helping to generate such a response, depends on the 
number of  "helper e f f e c t s "  present on the molecule,  which s t im u la te  a 
sub-populat ion o f  the T - c e l l s ,  known as the helper T - c e l l s .  Whi ls t  only
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the B -c e l ls  are d i r e c t l y  involved in the synthesis of  f r e e  ant ibody,  the 
helper  T - c e l l s  (by the release of  a number o f  soluble fa c to rs )  act  as 
inducers of  the e f f e c t o r  c e l l s  fo r  humoral immunity, and amplify  the B-ce l l  
response. BSA has very few "helper e f f e c t s " ,  and, th e re fo re ,  is a weak 
c a r r i e r  pro te in ;  ovalbumin has considerably more, and keyhole l impet  
haemocyanin has the most.
As a re s u l t  of  these considerat ions,  ovalbumin was chosen as c a r r i e r  
prote in  fo r  the preparat ion of  immunogens, being l i k e l y  to produce soluble  
conjugates and a good antibody response.
3 .1 . 2  Conjugation Methods
The choice o f  a s u i ta b le  conjugation method is governed both by the 
nature o f  the amino acid residues of  the c a r r i e r  p ro te in ,  s u i ta b le  fo r  
l inkage to haptens (Figure 14) and by the nature of  the re ac t iv e  fu nct iona l  
groups present on the hapten.
The o r ig in a l  conjugation methods employed by Landsteiner (1945) involved 
reacting diazonium compounds wi th  h i s t i d i n e ,  ty ros ine  .and tryptophan residues 
of a p ro te in .  These azo coupling techniques were dominant up to 1957, when 
Erlanger e t  a l . ,  introduced methods fo r  coupling v ia  the more p l e n t i f u l  
6-amino groups of the lys ine  residues (Er langer ,  Borek, Beiser and Lieberman 
1957 and 1959).  These methods are now widely  used.
For l in k in g  hypoxanthine d e r iv a t iv e s  to c a r r i e r  prote in  three  
conjugation methods were used, a l l  involving  l inkage w i th  f r e e  amino groups 
in the p ro te in .
3 .1 .2 .1  The mixed anhydride method f o r  carboxyl de r iv a t iv es
Any hapten with  a f re e  carboxyl group, whether present as an inherent  
part  o f  the molecule or  a r t i f i c i a l l y  introduced, can be l inked to the 6 -  
amino groups of lys ine  residues by an amide l inkage using the mixed anhydride  
method (Erlanger e t  a l . ,  1957) (Figure 15).  The carboxyl conta in ing
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a) 6 -  amino groups o f  l y s i n e  res idues  (59)
0
II
CH2-C H 2-C H 2-C H 2 - CH_ C — n h  —  
NHo NH
b) phenolic hydroxyl groups of ty ros ine  residues (21)
o
7 = \  II
H 0 - \ > - C H 2 — CH— C —  NH— 
NH
c) sulphydryl  groups of cyste ine  residues (6)
o
CH2— CH— C -N H  —
SH NH
d) imidazol groups of h is t i d in e  residues (17)
o
C H = C — CH2—  C H - C - N H -  
l l  T
N v^N H  NHCH I
FIGURE 14 Amino Acids of Bovine Serum Albumin (BSA) that  
can be Linked to Reactive Haptens ( in  brackets  
are t h e i r  number per mole of  BSA) (Based on 
Erlanger,  1973).
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hapten
c = o  >
Cl
HCl +
0
II
R -C -N H
where
FIGURE 15
C H 3
CH3 CH-CH2—0 ^  ^ 0
R  0
mixed anhydride
>  - ^ - 9 - 5 >
'  H2N -  prote in
CH, 
I ^
—  prote in  + c o 2 + CH3-C H -C H 2OH
I
^ h 2
0
I
R =
HN
f o r  p u r in e -6 -c a rboxymethy1 oxime
0
II
C-NH-(CH2)3 —
or ^  ^ ° r Pu r ' n e -6 “ca rboxVPr°Panam' de
H
The Mixed Anhydride Method fo r  Linking Haptens 
(with Carboxyl Groups) to C a r r ie r  P rote in .
analogues of hypoxanthine were p u r ine-6-carboxymethy1oxime, and p u r in e -6 -  
carboxypropanamide (synthesised as described in Sections 2 .3 .4  and 2 . 3 . 6 ) .
3 . 1 . 2 . 2 .  Per iodate ox idat ion  method fo r  sugar de r iv a t iv e s
Erlanger and Beiser (1964) described a general method fo r  the prep­
a ra t io n  of  purine and pyr im id ine-conta in ing  immunogens, i ts  a p p l i c a b i l i t y  
requir ing  on ly tha t  a r ibonucleoside or r ibonucleotide  d e r iv a t i v e  of  the 
base be a v a i l a b le .  A dialdehyde d e r iv a t i v e  is produced by per iodate  
oxidat ion of  v ic in a l  (adjacent)  hydroxyl groups on the sugar moiety.  The 
reac t ive  carbonyl groups on the sugar condense with  f re e  amino groups on 
the p ro te in ,  and l a b i l e  imines are s t a b i l i s e d  by reduction w i th  sodium 
borohydride (Figure 16).
The hypoxanthine d e r iv a t i v e  used f o r  the periodate ox idat ion  method 
was hypoxanthine-9_3"D arabinofuranoside (Figure 17) ,  which is re ad i ly  
a v a i l a b le  commercial ly.  This nucleoside was used in order to u t i l i s e  a 
non-endogenous furanoside moiety,  and so minimise the p o s s i b i l i t y  of  
producing antibodies c ross-react ing  wi th  n a t u r a l l y  occurring nucleosides.  
However, a f t e r  experimentat ion had been undertaken, i t  was appreciated tha t  
fo l lowing periodate  o x id a t io n ,  the sugar d e r iv a t i v e  produced would be 
stereochemical ly  ind is t ingu ishab le  from that formed from r ibose,  so that  
antibodies produced in response to the conjugate would c ross -rea c t  wi th  
inosine (Figure 17).  Indeed, a n t i - in o s in e  ant ibodies  have been raised by 
periodate  ox idat ion of  inosine,  wi th subsequent coupling to bovine serum 
albumin as c a r r i e r  prote in  (Inouye e t  a l . ,  1971).
However, although in the m a jo r i ty  of  immunoassays i t  may be de s i ra b le
that the antiserum should not c ross -rea c t  w i th  compounds s t r u c t u r a l l y  
re la ted  to the s p e c i f i c  an t igen,  there are instances where a r e l a t i v e l y
non-spec if ic  antiserum, reacting with  a group o f  compounds can be of  more use.
For example, in species of  f i s h  where hypoxanthine is of  l i t t l e  value  
as an index of  q u a l i t y ,  inosine appears to be the major end product of  ATP
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0 0
R -C —C— C— C -C H 0OH
M  i i 2
H OH OH H
- ° £  > R -C -C  C -C -C H 2OH
per iodate  I |l II
H 0
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0
H H
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degradation.  In the muscle of  the P a c i f i c  Salmon (genus Qncorhynchus) 
fo r  instance,  the major port ion of  the r ibonuc leot ides are degraded only  
to the stage o f  inosine. Examination of several  species showed th a t  only 
small amounts of  hypoxanthine and r ibose were formed, w hi le  inosine was 
always present in much gre a te r  amounts (Creelman and Tomlinson, 1960).
As a re s u l t  of  such v a r ia t io n  in the nucleot ide  degradation sequence 
of react ions ,  two indicators  have emerged as indices of  freshness.  The 
f i r s t  o f  these is the "K value" ( f o r  measuring the extent  of  nucleot ide  
dephosphorylat ion),  which is the r a t i o ,  expressed as a percentage, of  inosine  
plus hypoxanthine to the to t a l  amount of  ATP re la ted  compounds (Ehira  and 
Uchiyama, 1973).  The second ind ica to r  of  q u a l i t y  is hypoxanthine measured 
on i ts  own.
In species such as the P a c i f i c  Salmon, the K value is p o t e n t i a l l y  
the more useful o f  the two, so that a r e l a t i v e l y  non-spec i f ic  antiserum  
which reacted with  both inosine and hypoxanthine would be of  more use than 
an antiserum s p e c i f ic  fo r  hypoxanthine.
The three other hypoxanthine d e r iv a t iv es  used as haptens (6-  
tr ich iorom ethy1 pur ine,  purine 6-carboxypropanamide and p u r ine-6 -carboxy-  
methyl oxime) had a l l  been synthesised in order to l in k  to ovalbumin 
through posit ion  -6  of  the purine r ing system, so preserving the d i f fe re n ce s  
between c lose ly  re la ted  compounds, in order to produce a n t is e ra  s p e c i f ic  
fo r  hypoxanthine.
3 . 1 . 2 .3  ; Haptens coupled d i r e c t l y  to prote in
Some haptens are  reac t iv e  enough to be coupled to prote ins d i r e c t l y ,  
examples being p e n i c i l l i n  (Levine and Ovary, 1961 ; Levine, 1966) and 
phenylalanine mustard (Burke, Mark, Soloway and Leskowitz, 1966).  One of  
the hypoxanthine d e r iv a t i v e s ,  6 - t r ich lo ro m e thy l  purine (prepared as 
described in Section 2 .3 .5  was reac t ive  enough to be conjugated w i th  ovalbumin 
di re c t iy  (Figure 18).
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3 .1 .3  Methods For D e te rm in ing  the  Mo lar  P e r I v a t i z a t i o n  o f  Conjugates
Some est imat ion of  the molar d e r iv a t i z a t i o n  is necessary,  in order  
to ensure that the conjugation procedure f o r  l in k in g  hapten to c a r r i e r  
prote in  has been successful .  Several methods are genera l ly  a v a i l a b le  fo r  
th is  purpose, such as methods using ra d io la b e ls ,  spectrophotometric methods, 
determination of  the number of  a v a i l a b le  lys ine  residues before and a f t e r  
conjugation ( f o r  conjugates where the hapten is l inked v ia  the 6-amino  
groups) and determination o f  the amount of  hapten removed a f t e r  d ia ly s is  
of the conjugate,  r e l a t i v e  to the amount o r i g i n a l l y  reacted.  Each of these 
methods w i l l  be considered in turn .
3 . 1 . 3 .  1 Methods using radio label
The most convenient approach is the incorporation of  r a d io a c t i v e ly -  
l ab e l led  hapten into  the conjugation procedure,  a method f i r s t  used by 
Abraham, Swerdlo ff ,  Tulchinsky and Odell (1971).  A d i r e c t  measure o f  the 
extent of  s u b st i tu t ion  can then be made from the s p e c i f ic  a c t i v i t y  of  the 
conjugate.  However, th is  method is not always f e a s i b l e ,  because of cost 
or n o n -a v a i la b i1 i ty  of  the radio label  led d e r iv a t i v e .
3 . 1 . 3 . 2  Spectrophotometric analysis
The hapten may possess a chromophore absorbing in a d i f f e r e n t  region 
from the c a r r i e r  p ro te in ,  the azo group f o r  example absorbing in the v i s i b l e  
range. Even i f  the absorption spectra of  hepten and c a r r i e r  over lap ,  the  
molar d e r iv a t i z a t i o n  can be determined from d i f fe rence spec tra  (Erlanger  
et al., 1957) .
3 . 1 . 3 . 3  Methods based upon d ia ly s is
A f t e r  conjugation,  the usual method of p u r i f i c a t io n  is to d ia ly s e  the
conjugate overnight in a large excess of  e i t h e r  d i s t i l l e d  water  or b u f f e r .
I f  an a l iq u o t  of  the d i f f u s a t e  is taken, the absorbance a t  X of  the n max
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hapten can be determined, and from a standard curve,  the amount of  hapten 
removed by d ia ly s is  can be found. Hence from a known s ta r t in g  weight of  
hapten used f o r  conjugat ion,  the weight o f  hapten conjugated to c a r r i e r  
prote in  can be c a lc u la te d .
3 . 1 . 3 . 4  Determination of  f re e  lys ine
For conjugates where the hapten is l inked v ia  the €-amino groups 
of  lys ine  residues,  the molar d e r iv a t i z a t i o n  can be determined by measuring 
the number of  f re e  amino groups in the prote in  both before and a f t e r  
conjugation.  Reagents which have been used fo r  th is  purpose are l - f l u o r o - 2 ,  
4-d in i t robenzene  (Er langer ,  1957) and 2 ,4 , 6 - t r i n i t r o b e n z e n e  sulphonic acid  
(TNBS) (Habeeb, 1966; Kakade and L iener ,  1969 ; H a l l ,  T r inder  and Givens,
1973).  These compounds react w ith  the 6-amino groups of lys ine  to give
din i t rophenyla ted  and t r in i t ro p h e n y la te d  products re spect ive ly  (F igure  19 ) ,  
which are  b r ig h t  yel low in colour ,  and can be estimated d i r e c t l y  by spectro­
photometry a f t e r  acid hydrolysis and solvent e x t ra c t io n .  Both reagents 
also react with  the terminal amino-acid groups, h i s t i d in e  and a rg in in e  as 
well  as the -amino groups of lys ine  residues,  but w i th  1- f l u o r o - 2 , 4 -  
din i trobenzene and bovine serum albumin,  the e r ro r  introduced in th is  way 
has been c a lcu la ted  as <2% (Erlanger e t  a l . ,  1957).  The technique u t i l i s i n g  
TNBS is s p e c i f i c ,  as only £-TNP lys ine  is extracted during the solvent  
p a r t i t i o n  step (Hal l e t  a l . ,  1973). A control  with unsubsti tuted c a r r i e r  
alone is run concomit tantly ,  so that  any e f fe c ts  due to a l t e r a t i o n  of  the 
p ro te in ,  fo r  example exposing lys ine  residues not otherwise f r e e  to reac t ,  
caused by solvents or other physical  f a c t o r s ,  can be accounted f o r .
Depending on the t e r t i a r y  s t ru c tu re  of  the c a r r i e r  p r o te in ,  only a 
f r a c t io n  of  the lys ine  residues may be access ib le ,  fo r  example 35 out of  
the 59 lys ine  residues of  bovine serum albumin (BSA) (Kohen e t  a l . ,
1974). However, even i f  some of the lys ine  residues are  u na va i lab le ,  
a ‘ reduction in the number of  moles of  a v a i la b le  lys ine per mole
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of prote in  w i l l  c o r r e la te  with  the number of  moles of  hapten l inked to 
the c a r r i e r .
A source of  e r ro r  is introduced when weighing out the conjugate,  
as i t  is not known a t  that  stage,  what proportion of  the weight is due to
cova lently  bound hapten residues. The e r ro r  is small in the case of a
hapten o f  low molecular weight .  For example, assuming conjugation of  
hypoxanthine (M.W. 136.1) to ten o f  the twenty a v a i la b le  lys in e  residues
in ovalbumin (M.W. A5,000 ) ,  would lead to weighing out a conjugate con­
ta in ing  97.1% ovalbumin by weight.  A f t e r  determination that ten f re e  lys ine  
groups remain, th is  number w i l l  be re la ted  to the to ta l  weight of  conjugate,  
ra ther  than the 97.1% of prote in  present.  This e r r o r  can, however, be 
overcome by c a lc u la t in g  the amount of  prote in  in the conjugate using e i t h e r  
the Lowry method, or B iure t  reagent.
The method of est imating a v a i l a b le  lys ine  residues by reacting  c a r r i e r  
prote in  with  TNBS, before and a f t e r  con jugat ion ,  was used to c a lc u la t e  the 
molar d e r iv a t i z a t i o n  fo r  each of  four conjugates prepared from hypoxanthine  
d e r iv a t iv e s .  In the case of  one of  the conjugates (ova lbumin-pur ine-6 -  
carboxymethy1 oxime), u l t r a v i o l e t  spectrophotometric a na lys is ,  and c a lc u la t io n  
o f  the amount of purine removed during d ia ly s is  were used f o r  comparison 
and conf irmat ion o f  the value obtained.
3 .2  MATERIALS
Dimethylformamide, isobutyl  chlorocarbonate,  L - ly s in e  monohydro­
c h lo r id e ,  te t ra h yd ro fu ran , t r i -n - b u ty la m in e  and 2 ,A ,6 - t r in i t ro b e n z e n e  
sulphonic acid were obtained from A ldr ich  Chemical C o .L td . ,  G i l l ingham,
Dorset.  Absolute ethanol was obtained from James Burrough p ic ,  Montford 
Place,  London. Diethyl  e th e r ,  hydrochlor ic  acid and sodium hydroxide were 
from May and Baker L t d . , Dagenham. Hypoxanthine-9“ B- D-arabinofuranoside  
and Linde type 4A molecular sieve were from Sigma Chemical C o .L td . ,  Poole,  
Dorset.  A l l  other  reagents were purchased from BDH Chemicals Ltd,  E as t le ig h ,  
Hampshire, and were of a n a ly t ic a l  grade.
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3 .3 .1  U l t r a v i o l e t  Spectrophotometric Analyses
Al l  u l t r a v i o l e t  ( u . v . )  spectrophotometric analyses were c ar r ie d  
out using quartz cuvettes with  a 1 cm. l i g h t  path.  For scanning the
u .v .  spectrum a Cary 219 scanning spectrophotometer was used, and fo r  
determinat ion of  the absorbance a t  a f ix ed  wavelength an Ultrospec  
4050 LKB spectrophotometer.
3 .3 . 2  The Mixed Anhydride Method f o r  Carboxyl D er iva t ives
The method used to l in k  both pur in e -6 - c a rboxymethyl oxime and 
p u r in e -6 -carboxypropanamide (prepared as described in Sections 2 .3 . 4  and
2 . 3 .6  ) to ovalbumin,  was a modif icat ion of  the mixed anhydride method of  
Erlanger e t  a l . r (1957).
A) Dimethy1formamide (DMF) was dried by prolonged contact w ith  Linde 
type 4A molecular sieve.  Pur ine-6- c a rboxymethyl oxime (24.96 mg ; 0.12m 
mole) or p u r in e -6-carboxypropanamide (30 mg ; 0 .12  m mole) as a p p ropr ia te ,  
was dissolved in DMF (1 m l ) .  T r i -n -b u ty lam in e  (57 Ml ; 0.24 m mole) was 
added and the tube and contents were cooled in ice .  Isobuty1 chiorocarbonate  
( 15.6 pi ; 0.12  m mole) was added, and the tube was stoppered and l e f t  in 
ice fo r  30 minutes.
B) Ovalbumin (200 mg ; 4 .4  pmole) was dissolved in d i s t i l l e d  water (4 m l ) ,  
and the solut ion was cooled in ice.  Just before the end of the 30 minute 
reaction period of  Solution A, sodium hydroxide (200 411 of  1M ; 200 m mole) 
was added to the cooled ovalbumin s o lu t io n ,  which then c l a r i f i e d .  DMF
(2 ml) was added dropwise to the ovalbumin s o lu t io n ,  w ith  f a s t  magnetic 
s t i  r r in g .
Whi ls t  s t i l l  being cooled in ice ,  so lut ion A was added dropwise to  
solution  B, with  fa s t  magnetic s t i r r i n g .  Slower s t i r r i n g  was then maintained  
fo r  12 hours a t  4°C, and the solut ion was dialysed against sodium bicarbonate  
solution (2 l i t r e s  ; 0.05M) f o r  24 hours, and f r e e z e -d r ie d .
A control  was run concomittantly  by subjecting ovalbumin alone to the 
same reaction sequence used to prepare the conjugate.
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3 .3 *3  P e r io d a te  O x id a t io n  Method f o r  Sugar D e r i v a t i v e s
The method used was adapted from that of  Erlanger and Beiser (1964).  
Hypoxanthine-9“3“ D-arabinofuranoside (75.10 mg ; 0.28 m mole) was added 
to a mixture of  sodium per iodate  (30 ml ; 0 .2M),  absolute ethanol (40 ml) 
and dioxane (10 m l ) ,  and allowed to stand fo r  twenty minutes a t  room 
temperature.  Excess sodium per iodate  was decomposed by the a dd i t ion  of  
ethylene glycol  (1 .8  ml ; 1M). The e n t i r e  reaction mixture was then added 
to ovalbumin (180 mg) in d i s t i l l e d  water (10 m l ) ,  adjusted to pH 9 .3  with  
5% potassium carbonate.  The mixture was s t i r r e d  a t  room temperature fo r  
one hour, w i th  dropwise add i t ion  of  5% potassium carbonate,  to maintain the 
pH in the 9 .0  -  9 .5  range. Potassium borohydride (150 mg) was added, and 
the react ion mixture was set aside fo r  24 hours a t  room temperature.  Formic 
acid (1M) was added to lower the pH to 5 .5  and destroy excess borohydride.
Upon the add i t ion  of  formic acid the react ion mixture turned orange in co lour .  
Ammonium hydroxide (1M) was added to ra ise  the pH to 8 .5 ,  and the so lut ion  
was dialysed overnight against  running tap water ,  and f r e e z e - d r ie d .
A control  was run concomittantly  by subjecting ovalbumin alone to  
the same reaction sequence used to prepare the conjugate.
3 .3 .4  6 -Trich loromethyl  Purine Conjugated D i r e c t ly  with  Protein
The method used was that of  But le r  e t  a l . ,  1962.
Ovalbumin (495 mg) and 6 - t r ic h lo ro m e th y l  purine (170 mg) were 
dissolved in b% aqueous tetrahydrofuran (75 m l ) .  The mixture was s t i r r e d  
a t  room temperature f o r  three hours, and the pH was maintained throughout  
a t  10.0 -  10.5 by the add i t ion  of  sodium hydroxide (1M) . During the f i r s t  
hour the pH decreased ra p id ly ,  so that i t  was necessary to add sodium 
hydroxide a t  in te rv a ls  of  less than a minute, in order to keep the pH w i th in  
the c orrec t  range, but the reaction gradua l ly  slowed over the next two hours.  
The s o lu t io n ,  (which became dark brown in colour during the course of  the 
re a c t io n ) ,  was dialysed overnight against running tap water.
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Upon a c i d i f i c a t i o n  to pH 4 .5  with hydrochloric  acid  (0..1M), the 
conjugated prote in  p r e c ip i t a t e d .  I t  was redissolved in sodium bicarbonate  
solution (25 ml ; 0 .15 H ) , dialysed against running tap water ,  and then 
f r e e z e - d r ie d .
3 .3 .5  Determination of  the Molar Degree of  Deri v a t i z a t io n  of  
Puriher6-carboxymethy1 Qxime-Ova1 bum?n by D ia ly s is  Methods
Purine-6-carboxymethyl oxime (prepared as described in Section 2 . 3 . 4 ) ,
was dissolved in sodium bicarbonate solut ion (0.05M) to give a so lut ion
of 1 pg/ml concentrat ion ,  and the absorption spectrum of the so lu t ion  from
210 -  300 nm was determined in order to f ind  A of the hapten (F iquremax K a
20).
A f t e r  carry ing out the conjugation reaction between p u r ine-6 -carboxy-
methyl oxime and ovalbumin by the mixed anhydride method (as described
in Section 3 . 3 . 2 ) ,  the conjugate was dialysed against 2 l i t r e s  sodium
bicarbonate so lut ion  (0.05M) .  An a l iq u o t  of  the d i f f u s a t e  was taken, and
the absorbance a t  266 nm (A of the hapten as determined above) wasmax K 7
found. The amount of  p u r ine-6-carboxymethy1 oxime in the d i f f u s a t e  was 
ca lcu lated  from a standard curve (Figure 2 1 ) .  From a known s t a r t in g  weight  
of hapten used f o r  conjugation,  the amount of  purine d e r iv a t i v e  conjugated 
to c a r r i e r  prote in  was ca lcu la ted  and hence the molar d e r i v a t i z a t i o n ,
3 .3 .6  Determination of  the Molar D e r iv a t i z a t io n  of  P u r in e -6 -c a rboxymethy1 
OXime-Qva1 bum?n by U l t r a v i o l e t  Spectrophotometric Analysis
P u r in e -6 -c a rboxymethy1 oxime was prepared as described in Section
2 . 3 . 4 ,  and conjugated to ovalbumin by the mixed anhydride method as described
in Section 3 . 3 . 2 .  The absorption spectrum of the conjugate was compared
with tha t  of  unconjugated ovalbumin, which had a lso undergone the reaction
sequence used to prepare the conjugate.
Ovalbumin (5 mg) and ovalbumin-pur in e -6 -c a rboxymethy1 oxime (5 mg)
were each separate ly  dissolved in d i s t i l l e d  water (10 m l ) ,  g iv ing  solut ions
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of 500 Mg/ml concentrat ion .  A scan was car r ie d  out on each of  the
solutions from 240 -  350 nm. The resul ts  are shown in Figure 23.
3.3,.7 Determination of  the Prote in Content of  Conjugates Using Biuret  
Reagent
For each conjugate a standard curve was obtained using ovalbumin
which had been subjected to the same reaction sequence used to prepare
the conjugate.  Pre l iminary  experiments were c ar r ie d  out to determine the 
appropr iate  concentrat ion range f o r  the ovalbumin standards.  Ovalbumin 
(50 mg) was dissolved in d i s t i 11ed water (10 ml) and d i lu te d  to give  
standards ranging from 1-5 mg/ml (Figure 2 8 ) ,  100-800 pg/ml (F igure 29) 
and 0 .15  -  2 .00  mg/ml (Figure 30 ) .  9- 3-D-arabinofuranoside-ovalbumin  
and purihe-6-carb6xymethyl  oxime-ovalbumin were dissolved in d i s t i l l e d  
water to give solut ions o f  1 mg/ml and 5 mg/ml concentrat ion re sp e c t iv e ly .  
Purihe-ovalbumin (prepared from 6 - t r ich lo ro m e thy l  purine) was dissolved  
to give solut ions from 0 .0 8 -1 .8 8  mg/ml. A l iquots  of  Biuret  reagent (4 .0  
ml) were added to standard and sample volumes (2 .0  m l ) ,  and tubes were 
incubated a t  room temperature fo r  30 minutes.  The absorbance of  the 
standards a t  555 nm was read against a reagent blank (with  2 .0  ml d i s t i l l e d  
water replacing the s tandard) . '  Samples Were read against  the
appropr iate  sample blank wi th d i s t i l l e d  water (4 .0  ml) replac ing the ,
Biuret  reagent.
3 -3 -8  Determination of  Free Lysine in Ovalbumin and Purinoyl-Ovalbumin 
Conjugates Using Tr in itrobenzenesulphonic  Acid (TNBS)
The method used fo r  the determination of  f r e e  lys ine  was based on
that  of  H a l l ,  Tr inder  e t  a l . ,  (1973)7"'
A standard curve fo r  - t r i n i t r o p h e n y 1 lys ine  was obtained by reacting
lys ine wi th TNBS. In order to ascer ta in  whether there  was a l i n e a r
r e la t io n s h ip  between ovalbumin concentrat ion and 6-TNP lys ine  (formed by
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reaction of  ovalbumin with  TNBS), ovalbumin standards were a lso  used.
The number of  f re e  lys ine  residues in each conjugate was compared 
with  a control  run conco m it tan t ly , using unconjugated ovalbumin which had 
undergone the same reaction sequence used to prepare the conjugate.
L - ly s in e  monohydrochloride (31.25 mg ; 171 M mole) ,  equ iva lent  to 
25 mg lys in e ,  was dissolved in d i s t i l l e d  water (25 m l ) ,  g iv ing a lys ine  
concentrat ion of  1 mg/ml. This so lut ion was d i lu te d  to give lys ine  
standards ranging from 50 -  500 pg/ml (0 .34 -  3 .42 p mole/ml) .
Ovalbumin (100 mg) was dissolved in d i s t i l l e d  water (10 m l ) ,  and 
th is  solut ion was double d i lu te d  to give  standards ranging from 1.25 -  
10.00 mg/ml (27 .8  -  222.0 nmole/ml) .
Ovalbumin (which had undergone the react ion sequence used fo r  
conjugation) (15 mg), and each o f  the conjugates (15 mg) were separate ly  
dissolved in d i s t i l l e d  water (3 ml) to give so lut ions of  5 mg/ml concen­
t r a t i o n .
A l iquots  (0 .5  ml) of  standards and samples, were t ran s fe rre d  to 10 ml 
graduated tes t  tubes. Tubes were set up in d u p l ic a te ,  but f o r  lys ine  
standards ranging from 200-400 pg /ml , tubes were set up in quadrup l ica te ,  
in order to inv es t iga te  v a r i a t io n  in react ion t ime. Sample tubes were
a lso set up in quadrupl icate ,  in order to use two of the tubes as sample
blanks.  Sodium hydrogen carbonate solut ion (0 .5  ml ; 1M) was added to 
each tube. Concentrated hydrochlor ic  acid (3 ml) was added to the sample 
blanks.  Freshly prepared tr in i t robenzensu lphonic  acid (TNBS) solut ion  
(1 ml ; 1% w/v) was added to a l l  tubes,  the contents were mixed, and the 
tubes t rans fe rred  to a water bath maintained a t  40°C. Incubation was f o r  
75 minutes,  except fo r  duplicates of  the standards ranging from 200-400  
pg/ml , which were incubated fo r  two hours.
At the end of the incubation t ime,  concentrated hydrochloric  acid  
(3 ml) was added to each tube (apar t  from the sample blanks where conc.
hydrochloric  acid had been added p r io r  to the a dd i t ion  of  TNBS). The
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tubes were placed in a vigorously b o i l in g  water bath f o r  2 hours, fo r  
the hydrolysis stage,  during which time the tubes were loosely stoppered 
in order to reduce the ra te  of  evaporation.  A f t e r  removal from the water  
bath,  the volumes were made up to 10 ml with  d i s t i  lied water ,  the tubes
were stoppereA,and the contents mixed by inversion.
Duplicates from each hydrolysate  (4 ml) were t rans fe rred  to another  
set of 10 ml graduated te s t  tubes.  The volumes were made up to 8 ml wi th  
d i s t i l l e d  water and ether  (5 ml) was added to each tube.  The tubes were
stoppered and shaken vigorously fo r  15 seconds, and the e ther  layer  was
then removed by suct ion.  The e x t rac t io n  was repeated with  a f u r t h e r  5 ml 
of e th e r ,  and the e ther  layer  removed to w i th in  2 mm of  the aqueous phase.
The tubes were l e f t  unstoppered in a water bath a t  40°C f o r  5 minutes,  to 
a l low the residual  e ther  to evaporate ,  and the volumes were then made up 
to 10 ml wi th  d i s t i l l e d  water .  The contents of  the tubes were mixed, and 
the absorbance a t  415 nm determined.
In order to te s t  the accuracy of  values obtained fo r  the determination  
of f re e  lys ine  using TNBS, the procedure was repeated using conjugates  
where the molar d e r iv a t i z a t io n  had previously  been determined by incorporating  
ra d io a c t iv e ly  lab e l led  hapten into the conjugation procedure,  and measuring 
the s p e c i f ic  a c t i v i t y  of  the conjugate.  The resul ts  are shown in Table 2.
3 .4  RESULTS
3.4 .1  Determination of  the Molar D e r iv a t i z a t io n  of  Pur ine-6-carboxy-  
methyl Oxime-Ova1 bum in by D ia lys is  Methods
A f t e r  d ia ly s is  of  the conjugate ovalbumin-purine-6-carboxymethyl  
oxime, against sodium bicarbonate so lut ion  (2 l i t r e s ,  0.05M),  the absorbance 
of the d i f f u s a t e  a t  266 nm was 0 . 29 , corresponding to a hapten concentrat ion  
of 8 .20  pg/ml (Figure 21 ) .  Therefore ,  the to ta l  weight of  hapten in the 
d i f f u s a t e  was 8 .2  x 2 mg = 16.4 mg. The weights of  pur i n e - 6 - c a rboxymethy1 
oxime and ovalbumin used f o r  the mixed anhydride reaction were 24.96 mg
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FIGURE 20 The u l t r a  v i o l e t  spectrum of  p u r ine-6-carboxymethy1
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(0 .12  m mole) and 200 mg (A.AO nmole) respect ive ly  (Section 3 . 3 . 2 ) .  
Therefore,  the weight of  hapten conjugated to c a r r i e r  prote in  was the 
weight of  hapten used fo r  conjugation { 2 k . 96 mg) minus the weight of  
hapten removed by d ia ly s is  (1 6 . kO mg) = 8.56 mg (0.0A m mole) .  Hence the 
molar d e r iv a t i z a t io n  was 9 :1 .
TABLE 1
The E f fec t  of  V a r ia t io n  in Incubation Time With T r i n i t r o -  
benzenesulphonic Acid (TNBS). On Absorbance Readings a t
A l5 nm
Concentrat ion of  lys ine  
standard before add i t ion  
to tubes in pg/ml
Absorbance a t  A l5 nm Mean absorbance ± 
S.E.M. (n = A)75 minutes 
incubation
2 hours 
incubation
200 0.087 0.087 0.099 0.099 0.093 ± 0.007
250 0.106 0.099 0.116 0.115 0.110 ± 0.008
300 0.119 0.121 0.117 0.122 0.120 ± 0 .002
350 0.1A0 0.137 0.132 0.133 0.136 ± 0.00A
A00 0.150 0.157 0.152 0.15A 0.153 ± 0.003
3 . A .2 The E f fe c t  of  V a r ia t io n  in Incubation Time with  Tr in i t robenzene  
Sul phonic Acid (TNBS)~
The two hour reaction time a t  A0°C used by Kakade and L iener  (1969) ,  
seemed unnecessari ly long to Hall  e t  a l .  (1973),  who used a reaction time 
of 75 minutes a t  the same temperature.  The resu l ts  in Table 1 corroborate  
the f indings of Hall  e t  a l . f as there  was no f u r t h e r  development in the  
in te n s i ty  of  colour of  tubes incubated fo r  2 hours, over and above the 
colour in te n s i ty  of those incubated f o r  only 75 minutes.
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3 . A . 3 Determination of  Free Lysine in Ovalbumin and Purinoyl  Ovalbumin
Conjugates Using Tr in i t robenzene  Sulphonic Acid (TNBS)
As the procedure fo r  est imation of  a v a i la b le  lys ine  is long and t ime-  
consuming (a t  least  e ight  hours, depending on the number of  samples), i t  is 
convenient to be able to take the absorbance readings the next day. I t  
was found that  tubes could not be l e f t  overnight between the acid hydrolysis  
and e ther  ex t rac t io n  stages,  as subsequently there  was no proper separation  
in to  an e ther  layer  and an aqueous la y e r ,  and absorbance readings were 
abnormally high.
However, fo l lowing ether  e x t r a c t io n ,  absorbance readings taken four  
days a f t e r  the i n i t i a l  readings showed no fading of the co lour ,  provided 
that  tubes were kept in the dark.  The colour of  £ -TNP- lys ine has been shown 
to be s tab le  in ordinary  d a y l ig h t ,  but fades slowly in b r ig h t  sun l igh t  ( H a l l ,  
e t  a l .  (1973).
Kakade and Liener (1969),  using TNBS, obtained an experimental  value  
of 19.6 lys ine  residues per mole ovalbumin, which compares well  w ith  the 
value of  20 lys ine  residues per mole obtained by amino acid analys is  a f t e r  
hydrolys is .  However, in the resul ts  presented here,  reaction of  ovalbumin 
standards wi th TNBS resulted in a l in e a r  r e la t io n s h ip  between absorbance 
E-TNP-lysine a t  415 nm and ovalbumin concentrat ion (up to 222 nmole / m l ) ,  
but the absorbance values were always less than those corresponding to  
20 lys ine  residues/mole (Figure 2 4 ) .  The number of  f ree  lys ine  residues 
per mole na t ive  ovalbumin was 10.8 ± 4 .3  mean ± S.E.M. (n = 4 ) .
These resu l ts  are consistent w i th  other  reports (Okuyama and Satake,  
I960) thatTNBS reacts only p a r t i a l l y  w i th  the amino groups of prote ins  in 
aqueous so lut ion a t  pH 8 .0  and a t  room temperature,  presumably fo r  s t e r i c  
reasons. I t  has a lso  been found tha t  the number of  amino groups per 
prote in  molecule reacting with  TNBS, v ar ies  with  the pH of the reac t ion;  
in the case of  ovalbumin 20 amino groups react a t  pH 9 .0 ,  but only 17 react  
a t  pH 8 .5  or 9 .5  (Habeeb, 1966).
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Concentrat ion o f  lys ine  
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FIGURE 25 Determination o f  f re e  lys ine  residues in the conjugate  
pur ine-ova1bumin (prepared from 6 - t r ich lo ro m eth y l  
purine) and in unconjugated ovalbumin.
a) Ovalbumin (5mg/ml; 0.11 pmole/ml) absorbance = 0.092 corresponding
to a lys ine concentrat ion o f  1.54 pmole/ml = 14.0 
lys ine  residues/mole
b) Puri ne-ova1bumi n (5mg/ml ; 0.11 pmole/ml) absorbance = 0.07^
corresponding to a lys ine  concentrat ion of  1.11 pmole/ml 
= 10.7 lys ine  residues/mole
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FIGURE 26 Determination o f  f re e  lys ine  residues in the
conjugates purine-6-carboxypropanamide-ovalbumin,  
purine-6-carboxymethyloxime-ovalbumin and in uncon­
jugated ovalbumin.
a) Ova 1 bum in (5 mg/ml; 0.11 pmole/ml) absorbance = 0.104
corresponding to a lys ine concentrat ion o f  1.79  
pmole/ml = 16.3 lys ine residues/mole
b) Pur?ne-6-carboxypropanamide-ovalbumin (5 mg/ml; 0.11 pmole/ml)
absorbance = 0 .06 4 ,  corresponding to a lys ine  
concentrat ion o f  1.05 pmole/ml = 9 .5  lys ine  residues/  
mol e
c) P u r in e -6 -c a rboxymethy1 oxime-ova1 bum?n (5mg/ml;0.10 pmole/ml;
1 89.6% pro te in )  absorbance = 0.044 corresponding to
a lys ine concentrat ion o f  0.68  pmole/ml =
6 .8  lys ine  residues/mole
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FIGURE 27 Determination o f  f re e  lys ine residues in a) the conjugate  
9- $-D arabino furanoside-ovalbumin b) n a t ive  ovalbumin 
c) ovalbumin which had undergone the reaction condi t ions  
used to prepare the conjugate.
a) Treated ovalbumin (5 mg/ml; 0 .1 1 pmole/ml) absorbance = 0 .149 ,
corresponding to a lys ine concentrat ion of  2 .28jjmole/ml =
22.8 lysine  residues/mole
b) Native  ovalbumin (5 mg/ml; 0 .1 1 pmole/ml) absorbance = 0 .123 ,
corresponding to a lys ine concentrat ion o f  1 .80nmole/ml =
16.4 lysine residues/mole
c) Conjugate(5mq/ml ; 0 . 05pmole/ml; 46% pro te in )  absorbance = 0 .03 7 ,
corresponding to a lys ine  concentrat ion o f  0 . 28pmole/ml = 
5 .6  lysine  residues/mole
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Ovalbumin which had undergone the reaction sequence used fo r  
conjugation gave a higher and more consistent  value f o r  the number of  
f re e  lys ine  residues per mole, 17.7 ± l + . 6  mean ± S.E.M. (n = 3) .
Presumably denaturat ion of  the pro te in  occurred during th is  t reatm ent ,  
exposing lys ine  residues previously  unava i lab le  due to s t e r i c  hindrance.
3 .4 .4  Determination of  the Protein Content o f  Conjugates Using B iure t
Reagent
The prote in  content of  the conjugate p u r ine-6-carboxymethy1 oxime- 
ovalbumin was c a 1culated'  to be~89;6% (Figure 28) and tha t  of  hypoxanthine-9-  
3-D'anabinofuranoside-ovalbumin was 46.0% (Figure 29) .  These f ig u re s  
were, the re fo re ,  used in subsequent c a lc u la t io n s  of  molar d e r i v a t i z a t i o n  
(legend of Figures 26 and 27) .
In the case of  the conjugate prepared by react ing 6 - t r ic h lo ro m e th y l  
purine d i r e c t l y  with  ovalbumin, absorbance readings a f t e r  reaction wi th  
Biuret  reagent were in var ia b ly  higher than fo r  unconjugated ovalbumin,  
even a f t e r  subtract ion o f  the appropr ia te  sample bliank (Figure 3 0 ) .  There fore ,  
the prote in  content o f  the conjugate was assumed to be 100% fo r  purposes 
of fu r t h e r  c a lc u la t io n s .  The same assumption was made fo r  the conjugate  
ovalbumin-purine-6-carboxypropanamide. The e r ro r  introduced by assuming 
a pro te in  content o f  100% would be in the region of  <6% (Section 3 * 1 . 3 . 4 ) .
3 .4 .5  Determination of  the Molar D e r iv a t i z a t io n  of  Purine-6-carboxymethy1
Oxime Ovalbumin by U1 t r a v i o l e t  Spectrophotoiinetr ic"Ana 1 ys is
The c a lcu la t ions  were based on those used by Erlanger e t  a l .  (1957),  
where i t  is necessary to assume that the e x t in c t io n  c o e f f i c i e n t  o f  the 
conjugate is s im i la r  to tha t  o f  the unconjugated purine d e r iv a t i v e .
A sample c a lc u la t io n  (based on Figure 23) was as f o l lo w s : -  At a 
concentrat ion of  500 pg /m l , and a wavelength of  274 nm, the absorbance of  
the conjugate was 0 .8 6 ,  compared with  an absorbance o f  0 .49  fo r  uncon­
jugated ovalbumin. The d i f fe r e n c e ,  a t t r ib u t e d  to p u r in e -6 -c a rboxymethy1
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FIGURE 30 Standard curves fo r  the conjugate prepared from 6-  
tr ichloromethyl  purine ,  and unconjugated ovalbumin,  
a f t e r  reaction w i th  B iure t  reagent.
The curve composed o f  broken/ l ines  represents the  
conjugate
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TABLE 2
A Comparison of the Values Obtained For Molar Deri v a t i z a t io n  of Con­
jugates As Determined by Two D i f f e r e n t  Methods. (Estimation of  A v a i l ­
able Lysine by T r in i t ro p h e n y la t io n  and Incorporation of  Radio label led
Hapten)
CONJUGATE TRINITROPHENYLATION INCORPORATION
RADIOLABELLED
OF
HAPTEN
Bud-21-human serum 
albumin
Complete conjugation 26
Bud-3”Oxime-bov ine 
serum albumin
37 28
Vasopress in -16-bovine  
serum albumin
19 10
Methotrexate-  
oval bum i n
0 3
TABLE 3
A Comparison of the Values Obtained fo r  Molar D e r iv a t i z a t io n  of  Con­
jugates As Determined by Three D i f f e r e n t  Methods. (Estimation of  A v a i l ­
able  Lysine by T r in i t r o p h e n y la t io n ,  U.V. Spectral  Analysis and D ia lys is
CONJUGATE TRIN TROPHENYLATION ULTRAVIOLETSPECTRA DIALYSIS
Pu r i ne-b-ca rboxy- 
propanamide-ova1 bum in
7 - -
Puri ne-6-carboxy-  
methyl oxime-ovalbum in *
10 k 9
9- 3-D-arab inofuranos i de 
ovalbumin
17 ■ - -
Purine-ova1bumin 3 - -
Mean value fo r  molar d e r iv a t i z a t lo n  = 7 .67 ± 3.21 mean ± S.E.M.  
(n = 3)
Not determined
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oxime residues,  was, th e re fo re ,  0 .3 7 .  From a standard curve (Figure 22) 
th is  indicated a hapten concentrat ion o f  8 .8  pg /ml . The weight of  ova l ­
bumin in the conjugate was found by subtract ing the weight of  the purine  
residues,  from the s t a r t in g  weight of  the conjugate (500.0  -  8 .8  = 491.2  
Mg/ml).  The r a t i o  of  purine d e r iv a t i v e  to ovalbumin was, th e re fo re ,
8 .8  : 491 .2 .  Therefore ,  the molar d e r iv a t i z a t i o n  was 4:1 (p u r ine-6 -carboxy-  
methyl oxime, M.W. = 209; ovalbumin, M.W. = 4 5 ,0 0 0 ) .
3 .5  DISCUSSION
3-5.1 A Comparison of the Values Obtained For the Molar D e r iv a t i z a t io n  By 
D i f f e r e n t  Methods
When the e f f i c a c y  of  the TNBS method fo r  determining f r e e  lys ine  
residues was tes ted ,  using conjugates wi th  a known molar d e r iv a t i z a t i o n  
(as determined by measuring the amount o f  ra d io a c t iv e ly  lab e l led  hapten 
incorporated into the conjugate) ,  i t  was found that whi le  i t  was possible  
to place the conjugates in the correc t  rank order using the TNBS method, 
the numerical values obtained were not the same as those indicated by 
measurement o f  the ra d io la b e l le d  content (Table 2 ) .
The other methods used f o r  determining the molar d e r iv a t i z a t i o n  of  
purinoyl-ovalbumin conjugates a lso h a v e ' t h e i r '1 im i ta t io n s .  I t  is possible
that  d ia ly s is  does not remove a l 1 non-cova1e n t ly  l inked hapten molecules,
some remaining adsorbed to the c a r r i e r  p ro te in .  Determination o f  the 
molar d e r iv a t i z a t i o n  by th is  method is ,  th e re fo re ,  l i k e l y  to be an over ­
estimate .
For the ca lc u la t io n s  based on u l t r a v i o l e t  d i f fe re n ce  spectra ,  i t
is necessary to make the assumption tha t  the e x t in c t io n  c o e f f i c i e n t  o f  the
conjugate is s im i la r  to that o f  the unconjugated purine d e r iv a t i v e  (Erlanger
e t  a l , ,  1957).  However, fo r  p u r ine-6-carboxymethly oxime X was 266 nmr 7 7 max
(Figure 20 ) ,  whereas X fo r  the conjugate was 274 nm (F igure 2 3 ) .max
In conclusion,  w h i ls t  d i r e c t  measurement o f  the s p e c i f i c  a c t i v i t y  of  
the conjugate remains the method of  choice fo r  determining the number of
-  75 -
molecules of  hapten per molecule of  c a r r i e r  p ro te in ,  the other methods 
investigated are useful  in circumstances where a radio label  led d e r iv a t i v e  
is unava i lab le .  Whi ls t  methods (other than the radio label  method) were 
not s u f f i c i e n t l y  accurate  fo r  the assignment of  an exact numerical value  
fo r  the molar d e r i v a t i z a t i o n ,  such methods can be used to determine i f  
conjugation o f  the hapten to the c a r r i e r  has been successful .  A l l  four  
purine d e r iv a t iv e s  conjugated to ovalbumin resulted in the incorporation  
of hapten into  the prote in  to some e x te n t ,  as determined by a decrease 
in the number o f  f ree  lys ine  residues in the c a r r i e r  a f t e r  conjugation  
(Table 3 ) .
As there is no agreement regarding the optimum number of  molecules  
of  hapten per molecule o f  c a r r i e r  fo r  maximum immunogenicity, the assignment 
of an exact numerical value fo r  the molar d e r iv a t i z a t i o n  remains an 
academic po in t .
Whilst  some workers have obtained a good immune response w i th  few 
haptenic residues per mole of  c a r r i e r  prote in  (Kantor, Ojeda and Bennacerraf ,  
1963; Taylor  and Iverson, 1971)» others have advocated a high degree of  
of s u b s t i tu t io n  (Spector 1973; Hurn, 1974).  Of the resul ts  presented here,  
the only conjugate which did not e l i c i t  an immune response to hypoxanthine 
was 9“ 3_D arabinofuranoside-ovalbumin,  the conjugate which had the most hapten 
residues per mole of  c a r r i e r  (Table 3 ) .  Pur ine-ova1bumin (prepared from 
6 - t r ic h lo ro m e th y 1 purine) produced an t isera  o f  the highest t i t r e  (Figures  
33 -36 ) ,  and th is  was the conjugate wi th  the lowest degree of  s u b s t i tu t io n  
(Table 3 ) .
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CHAPTER
CHAPTER A
A. PRODUCTION AND A F F IN IT Y  P U R IF IC A TIO N  OF ANTI-HYPOXANTHINE  
ANTISERA
4.1 INTRODUCTION
Three New Zealand White Hal f  Lop rabbits  and four  Suf fo lk  Cross sheep 
were used f o r  the production o f  ant i -hypoxanthine  a n t is e r a .
A f f i n i t y  p u r i f i c a t io n  o f  the an t ise ra  so produced was necessary,  both 
in order to concentrate the ant ibod ies ,  and a lso in order to remove the 
large amounts of  extraneous prote in  which would otherwise be present in the 
incubate and can be problematical  during phase separation.
When a f f i n i t y  chromatography is used as a method fo r  the is o la t io n  
of  s p e c i f ic  ant ibodies from an antiserum, the antigen is f i r s t  l inked to 
an insoluble  so l id  support,  to act  as an immunoadsorbent to which s p e c i f i c  
immunoglubulin molecules bind.  The most widely  used method fo r  l in k in g  
nucleotides to an insoluble  matr ix  through a spacer group is the method 
o r i g i n a l l y  described by Cuatracasas (1970).  A f f i n i t y  chromatography has 
been used fo r  the p u r i f i c a t io n  o f  ant ibodies to polynucleotides (Guigues 
and Leng, 1976),  nucleotides (E ich le r  and G l i t z ,  1974 ; Drocourt and Leng, 
1975) and nucleosides (Jaton,  Ungar-Waron and Sela 1967 ; Inouye e t  a l . ,
1971 ; Humayun and Jacob, 1974).  However, no methods have previously  
been described fo r  a f f i n i t y  p u r i f i c a t io n  of  an t isera  raised against  
ind iv idual  purine and pyrimidine bases.
Fol lowing adsorption of  s p e c i f ic  a n t ibod ies ,  i t  is necessary to  
e lu te  the immunoglobulins from the immunoadsorbent. E lut ion can be achieved  
by any method which resu lts  in d issoc ia t ion  o f  the complex, such as change 
in pH, reduction in p o l a r i t y ,  exposure to denaturing solut ions e t c .  Several  
d i f f e r e n t  reagents were, th e re fo re ,  compared fo r  t h e i r  a b i l i t y  to e lu te  
ant i -hypoxanth ine ant ibod ies .  Combinations o f  reagents were a lso used in 
order to inves t iga te  the p o ss ib i1i t y  o f  a synergystic e f f e c t ,  r e s u l t in g  in
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greater  e ffec t iveness  than e i t h e r  reagent used separa te ly .  Further  
optimisat ion  of  the condi t ions needed fo r  e lu t io n  was car r ie d  out by 
determining the precise pH range necessary to break the bonds between 
ant i -hypoxanthine  antibodies  and immunoadsorbent, w h i ls t  re ta in ing  
immunoreactivity of  the e lu ted f r a c t io n s .
4 .2  MATERIALS
[G-3H] hypoxanthine (16 .2  mCi/mg; 599 MBq/mg) was purchased from 
Amersham In t e r n a t io n a l ,  Bucks (Amersham code TRA 7 4 ) .  Non-u lcerat ive  
Freund's adjuvant was from Guildhay Ant isera  L t d . ,  Surrey.  Sulphur f re e  
toluene was obtained from May and Baker L t d . ,  Dagenham. Dextran T-70 and AH- 
Sepharose AB were from Pharmacia Ltd. , Mi.l ton Keynes-.. Bovine: serum a 1 bumin (Cohn 
f r a c t io n  V) and N o r i t  A charcoal were from Sigma Chemical Co. L t d . ,  Poole,  
Dorset.  Al l  other reagents were purchased from BDH Chemicals L td . ,
East le igh ,  Hampshire, and were o f  a n a ly t ic a l  grade.
4.3  METHODS
4.3 .1  Immunisation of  Animals
Three New Zealand White Ha l f  Lop rabbits  (R l ,  R2 and R 3 ) , four  S u f fo lk  
Cross sheep (1205,  1206, 1207 and 1044) and one Soay sheep (B64) were 
immunised with the hypoxanthine-ovalbumin conjugates,  prepared as described  
in Chapter 2.
Each rabb i t  was immunised with  the appropr ia te  (see Table 4) hypox- 
anthine-ovalbumin conjugate (3 mg) int ramuscularly  into the f r o n t  and rear  
legs using n o n-u lce ra t ive  Freunds complete adjuvant (2 m l ) .  Subsequently 
the animals were "boosted" a t  in te rva ls  o f  two to three months w i th  the 
conjugate in incomplete adjuvant and bled from the marginal ear vein seven 
to ten days a f t e r  each in jec t io n  (20 m l /b le e d ) .
The sheep were immunised with the appropr iate  (see Table 4) hypox­
anthine-oval  bum in conjugate (6 mg) in tramuscularly  into m u l t ip le  s i t e s  in
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the rear legs,  using n o n-u lc e ra t iv e  Freunds complete adjuvant (2 m l ) .  
Subsequently, the animals were "boosted" a t  in te rva ls  of  approximately four  
months. Blood was c o l le c ted  from the ju g u la r  vein (20 ml /b leed) a t  
approximately two to three week i n te r v a ls .  Larger bleeds (500 ml/b leed)  
were taken a f t e r  each boost.
The blood was allowed to c lo t  overnight a t  room temperature,  and 
serum separated; th is  was stored a t  4°C w i th  the add i t ion  of  0.1% w/v 
sodium az ide .
TABLE 4
Conjugates Used fo r  Immunisation of  Animals
CONJUGATE ANIMAL DESIGNATION OF ANIMAL
6 - t r  ichloromethy1 
purine ovalbumin
Suffo lk  Cross sheep 1207
6— t r ichioromethy1 
purine ovalbumin
Soay sheep B64
6 - t r ic h lo ro m e th y 1 
purine ovalbumin
New Zealand Whi te  
Half  Lop rabbi t
R1
puri ne-6-carboxy-  
methyl oxime o v a l ­
bumin
Suffo lk  Cross sheep 1205
pu r ine-6-carboxy-  
methyl oxime ova l ­
bumin
Suffo lk  Cross sheep 1206
puri ne-6-carboxy  
propanamide o v a l ­
bumin
Suffo lk  Cross sheep 1044
puri ne-6-ca rboxy 
propanamide ova l ­
bumin
New Zeland Whi te  
Half  Lop rabb i t
R3
hypoxanth i ne -9-3-D  
arab inofuranos ide 
ovalbumin
New Zealand White 
H al f  Lop rabb i t
R2
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4 . 3 . 2  Preparation of  Reagents
4 .3 .2 .1  Barbitone b u f f e r  (0.05M, pH 8 .6 )  conta in ing 0.1% BSA
A saturated solut ion of  barbitone ( 9 . 2 g / l i t r e  approx.)  was added 
to a solut ion of  sodium barbitone  ( 1 0 . 3 g / l i t  r e , 0.05M) wi th  magnetic 
s t i r r i n g ,  u n t i l  a pH of 8 .6  was obtained. Bovine serum.albumin(BSA) ( lg )  
was then dissolved in one l i t r e  of  barbi tone b u f f e r .
4 . 3 . 2 . 2  Preparat ion of  Dextran T-70 coated charcoal (2.5% suspension)
N o r i t  A charcoal (5 g) was suspended in barbitone b u f fe r  (0.05M,
pH 8 .6 )  (100 m l) .  Dextran T-70 (0 .5g)  was suspended in 100 ml of the same
b u f f e r .  The two suspensions were mixed together and s t i r r e d  overnight a t  
4°C. The coated charcoal suspension was centr i fuged a t  low speed (1500 rpm)
in a Beckmann J'6Bcentri fuge,  and the supernatant b u f fe r  was decanted to
remove f i n e  p a r t i c l e s  of  charcoal .  The dextran T-70 coated charcoal  was 
resuspended in barbitone b u f f e r  (200 m l ) ,  and stored a t  4°C.
4 . 3 . 2 . 3  Preparation of  l iq u id  s c i n t i l l a t i o n  cock ta i l
The l iq u id  s c i n t i l l a n t  used was su lp h u r - f ree  toluene: Synperonic 
NXP (2 :1 )  conta in ing 0.4% w/v,  2 ,5 -d ipheny l oxazole (PP0) and 0.1% w/v,
1 ,4 -b is  (5 -p h e n y lo x a z o l -2 -y l ) benzene (P0P0P). PP0 and P0P0P were dissolved  
in toluene with  magnetic s t i r r i n g ,  and synperonic NXP was added subsequently.
4 . 3 . 2 . 4  D i lu t io n  of  [G-3H] hypoxanthine
[G-3H]-hypoxanthine (1 mCi) ( s p e c i f i c  a c t i v i t y  81 .4  G Bq/mmol 599 M Bq/mg)
acid
was dissolved in hydroch lor ic^ (8 .8  ml; 0.1 M)* to give a s o lu t io n :o f '  
concentrat ion 7pg/ml. For long-term storage 0 .5  ml a l iq u o ts  of  th is  
solution were placed in v i a l s ,  f r e e z e -d r ie d  and stored a t  -20°C to minimise  
decomposition of the t r i t i a t e d  l a b e l . As required the contents o f  a v ia l  
were dissolved in d i s t i l l e d  water (50 ml) (1:100 d i l u t i o n )  and stored a t  
-20°C in 1 ml a l iquo ts  as a stock concentrat ion (114 n Ci/ml ; 70 n g /m l ) .
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Each 1 ml a l iq u o t  was thawed, then d i lu te d  1:9 with  buf fer '  immediately  
before use, so that  5.1 p moles (700 pg) of  [G-3H] hypoxanthine was added 
per tube.  This gave approximately 8000 cpm in the to ta l  counts tube when 
l a t e r  measured by l iq u id  s c i n t i l l a t i o n  counting using dextran T-70 coated 
charcoal fo r  phase separation,  and 4000 cpm when ammonium sulphate was 
used fo r  phase separation.
4 .3 .3  Phase Separation
Dextran coated charcoal ,  prepared as described in Section 4 . 3 . 2  was 
s t i r r e d  fo r  10 minutes before use, w h i ls t  standing in ice.  Al iquots  of  
dextran coated charcoal (100 p i )  were taken fo r  add i t ion  to tubes w h i ls t  
the suspension was s t i l l  being s t i r r e d .  The tubes were vor texed,  incubated 
fo r  10 minutes w h i ls t  standing in iced water and c en t r i fuged .  Centr i fuga t ion  
was a t  3000 rpm f o r  10 minutes a t  4°C, in a Beckmann J6B r e f r ig e r a te d  
cen t r i  fuge.
4 .3 .4  Liquid S c i n t i l l a t i o n  Counting
[G-3H] hypoxanthine was determined by l iq u id  s c i n t i l l a t i o n  counting.  
Following phase separation ,  an a l iq u o t  of  the supernatant was added to  
s c i n t i l l a t i o n  f l u i d  (4 ml) in LSC M in iv ia ls  (LKB). The amount of  rad io ­
a c t i v i t y  in each v ia l  was determined using an LKB Rackbeta (1212) l i q u id  
s c i n t i U a t i o n ' c o u n t e r ,  with  external  standard and counting e f f i c i e n c y  of  
the order of  60%. Each v ia l  was counted fo r  300 seconds. A l l  measurements 
were made in d u p l ica te .
Counts per minute (CPM) values were computed as f o l lo w s : -
% [G-3H] hypoxanthine bound = CPM binding tu b e ' x 100
CPM to t a l  counts tube
binding tubes were e i t h e r  non-spec i f ic  binding tubes which did not contain  
ant i -hypoxanthine  antiserum, or s p e c i f ic  binding tubes which contained  
ant i -hypoxanthine antiserum.
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4 .3 . 5  D e te rm in a t ion  o f  the  Minimum Incu ba t io n  Time Needed f o r  the
Adsorption of  [G-3H] Hypoxanthine by a 2.5% Suspension of  
Dextran T-70 Coated Charcoal
Contact time w i th  dextran T-70 coated charcoal was determined using 
a modified version of  the protocol in Table 5. The reagents were added, 
in the order ind icated ,  to LP3 p la s t i c  tubes (Luckham L t d . ,  Sussex).  Two 
to ta l  counts tubes and twenty four non-spec i f ic  binding tubes were set up. 
Dextran coated charcoal (prepared as described in Section 4 . 3 . 2 , 2 .  was s t i r r e d  
fo r  ten minutes before use w h i ls t  standing in ice.  Whi ls t  the suspension 
was s t i l l  being s t i r r e d ,  a l iq u o ts  (100 p i ) were added, a t  two minute i n t e r ­
v a ls ,  to successive pa irs  of  non-spec i f ic  binding tubes. At the end of  
twenty f i v e  minutes,  when the dextran coated charcoal had been l e f t  in 
contact w i th  [G-3H] hypoxanthine fo r  varying periods of  time ranging from 
3-25 minutes,  a l l  tubes were centr i fuged simultaneously.  Centr i fuga t ion  
was a t  3000 rpm f o r  10 minutes a t  4°C, in a Beckmann J6B r e f r ig e r a te d  
centr i  fuge.
An a l iq u o t  o f  the supernatant (400 p i )  was taken from each tube,  
added to l iq u id  s c i n t i l l a t i o n  f l u i d  and the amount of  [G-3H] hypoxanthine  
determined, as described in Section 4 .3 .4 .
The resu l ts  obtained confirmed that  a contact time of ten minutes 
was s u f f i c i e n t  fo r  the adsorption of  hypoxanthine by dextran coated charcoal  
to reach equ i l ib r iu m  (Figure 32 ) ,  so th is  time in te rva l  was used in a l l  
subsequent experiments.
4 .3 . 6  Screening of Anti sera
Sera from three rabbi ts  (R1 , R2 and R 3) , the Soay sheep (B64) and the  
S uffo lk  Cross sheep (1205,  1206, 1207 and 1044) were screened fo r  an a n t i ­
body response to hypoxanthine by radioimmunoassay. When screening the 
level  of  hypoxanthine antibodies in a p a r t i c u l a r  animal over a period of  
t ime, each bleed was d i lu te d  1:4 wi th  barbitone b u f f e r  (0.05M, pH 8 . 6 ) .
For antiserum d i l u t i o n  curves i t  was necessary to  maintain the same amount
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of serum in each tube, as the prote in  concentrat ion of the incubate had 
been shown to a f f e c t  the adsorption of  hypoxanthine by charcoal (Section  
5 . 4 . 2 ) .  Each antiserum was, th e re fo re ,  d i lu te d  1:4 i n i t i a l l y  w i th  barbi tone  
b u f fe r  (0.05M, pH 8 .6 )  and normal sheep serum s im i l a r l y  d i lu te d  was used 
f o r  subsequent double d i l u t i o n  of a n t is e r a ,  and was also added to non­
s p e c i f ic  binding tubes.  Antiserum d i lu t io n s  used ranged from 1:4 to 1:32.
The reagents were added in the order indicated in Table 5 to LP3 
p l a s t i c  tubes (Luckham L t d . ,  Sussex). Phase separation and determination  
of [G-3H] hypoxanthine in the supernatant were car r ie d  out as described in 
Sections 4 .3 . 3  and 4 . 3 . 4 .
TABLE 5
Protocol fo r  the Assessment of  Crude Ant i-hypoxanthine  
Ant isera  by Radioimmunoassay
Volume of reagents added in pi v )
Reagent Total  Counts Non-specif ic  
Tube Binding Tube
Anti  serum 
D i lu t io n  Curve
Di luent  b u f fe r 500 300 300
Antiserum d i 1ution - 100
Normal sheep serum 
d i 1uted 1:4
100 -
[G-3H]. hypoxanthine 100 100 100
Mix , incubate  a t  4°C. During the pre l im inary  assessment of  
t ion time was overnight .  Subsequently incubation time was 1
a n t is e ra  incuba- 
0 minutes
Dextran T-70  
coated charcoal
100 100
Mix, leave fo r  10 minutes in iced water,  c e n t r i f u g e ,  count 
supernatant
400 pi
Anti sera were used a t  
made wi th normal sheep 
concentrat ion of  serum
an i n i t i a l  d i l u t i o n  of 1:4 and double 
serum d i lu te d  1:4 ,  so as to maintain  
in a l l  tubes
d i l u t i o n s  were 
a constant
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A . 3 .7  D e te rm in a t io n  o f  the A s s o c ia t i o n  Time f o r  Hypoxanthine and
A n t?-Hypoxanthine Anti sera
During the i n i t i a l  assessment of  a n t is e ra ,  the incubation time fo r  
ant ise ra  and antigen was overnight a t  4 ° C, because the a v i d i t y  of  the 
ant ise ra  was unknown, and a long associat ion time is needed in the case of  
low a v i d i t y  an t ibod ies .  As soon as an antibody response to hypoxanthine  
was found in S u f fo lk  Cross sheep 1205 (bleed 1 2 .5 .8 3 ) ,  the e q u i l i b r a t i o n  
or associat ion time f o r  the assay system to reach maximum binding was 
determined using the protocol out l ined  in Table 6.  A ser ies of  s ix  sets 
of s p e c i f i c  and non-spec i f ic  binding tubes was set up in d u p l ic a te .  For 
the s p e c i f i c  binding tubes antiserum from S uffo lk  Cross sheep 1205 (bleed
12.5 .83 )  was d i lu te d  1:4 with barbi tone b u f f e r  (0.05M, pH 8 . 6 ) .  In the 
non-spec i f ic  binding tubes,  normal sheep serum a t  the same d i l u t i o n  was 
used in place of  the antiserum.
At ten minute in te rva ls  a l iquo ts  of  [G-3H] hypoxanthine were added 
to s p e c i f ic  and non-spec i f ic  binding tubes in d u p l ica te .
A f t e r  60 minutes,  when ra d io la b e l le d  hypoxanthine had been incubated 
with  the antiserum and wi th the normal sheep serum fo r  various periods of  
time ranging from 10-60 minutes,  dextran T-70 coated charcoal was added 
to a l l  tubes, and phase separation was c ar r ie d  out as described previously  
in Section 4 . 3 . 3 .
As resul ts  indicated that  ten minutes was s u f f i c i e n t  incubation time 
fo r  antibody and antigen,  th is  shorter incubation was adopted in subsequent 
assessments. Subsequently these resul ts  were confirmed using antiserum  
from Suffo lk  Cross sheep 1207 (bleed 1 1 .8 .8 3 ) ,  where the antiserum was 
of higher t i t r e .  These resu l ts  are shown in Table 9.
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TABLE 6
Protocol For the Determination of  the Association Time For 
Hypoxanthine and Ant i-hypoxanthine Anti sera
Volume of reagents added in pi
Reagent Total  Counts Non-specif ic  Spec i f ic  Binding
Tube Binding Tubes Tubes
D i luent  b u f fe r  500 300 300
Anti serum d i lu te d  -  -  100
1:4
Normal sheep -  100
serum d i 1uted 1:4
At ten minute in te rva ls  add [G-3H] hypoxanthine to two non­
s p e c i f ic  binding tubes and two s p e c i f ic  binding tubes. Mix,
incubate in iced water
[G-3H]hypoxanthine 100 100 100
Dextan T-70 coated -  100 100
charcoal
Mix,  leave fo r  10 minutes in iced water ,  c e n t r i f u g e ,  count 
400 pi supernatant
Antisera  used were from Suffo lk  Cross sheep 1205 (bleed 12 .5 .83 )  and 1207 
(bleed 1 1 .8 .8 3 ) .
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4 .3 . 8  A f f i n i t y  P u r i f i c a t i o n  o f  Antisera
Only sera obtained a f t e r  boosting S uf fo lk  Cross sheep 1207 (bleed
2 .8 .8 3  and subsequent bleeds) showed any apprec iable  binding of  [G—3H] 
hypoxanthine,  but the t i t r e s  of  the ant i  sera obtained were very low, the 
highest t i t r e  a f t e r  the f i r s t  boost being 1:11 (bleed 1 1 . 8 . 8 3 , obtained  
37 days a f t e r  boosting) (see Figure 36 and Table 10) .  Ant isera  from 
rabb i t  1 and from S uf fo lk  Cross sheep 1044 and 1205 were of  even lower 
t i t r e  (Figures 33, 34 and 35) .  Ant isera  from the three sheep were,  
th e re fo re ,  concentrated using the technique of  a f f i n i t y  p u r i f i c a t i o n .  Sera 
from the other animals immunised ( rabb i ts  R2 and R3, the Soay sheep B64, 
and S uf fo lk  Cross sheep 1206) showed no a b i l i t y  to bind r a d io la b e l le d  
hypoxanthine over and above the leve l  of  non-spec i f ic  binding obtained  
with  pre-immunisat ion sera.
4 .3 .9  Preparation of  Der iva t lsed  AH-Sepharose 4B by Reaction with  
6-Tr?chloromethyl  PurilTe
In order to prepare an immunoadsorbent fo r  antihypoxanthine a n t ibod ies ,  
AH-sepharose 4B was used as the s o l id  support.  This matr ix  has f r e e  primary 
amino groups a t  the end. of  6-carbon spacer arms, so that the most usual 
coupling reaction involves 1igands w i th  f re e  carboxyl  groups. However,
(as previously  described in Section 3 . 3 * ^ ) , 6 - t r ic h lo ro m e th y 1 purine is 
reac t ive  enough to be coupled d i r e c t l y  w i th  f re e  amino groups. This hypoxan­
th ine  d e r iv a t i v e  was, th e re fo re ,  reacted w i th  AH-sepharose-4B, so th a t  the 
procedure was analagous to that used fo r  l in k in g  the hapten to the E-amino 
groups of lys ine  residues of  ovalbumin,  when preparing the immunogen 
(Figures 18 and 31) .
The preparat ion of  6 - t r ich lo ro m e thy l  purine was c arr ie d  out as 
described previously  in Section 2 . 3 . 5 .  The weight of  AH-sepharose 4B to 
react w i th  6 - t r ich lo ro m ethy l  purine was ca lcu la ted  as fo l lows: AH-sepharose
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4b contains 6-10 nmole coupled spacer groups per ml swollen g e l ,  and 1 g 
reconst i tu tes  to a gel volume of approximately 4 ml (data from Pharmacia 
L t d . ) .  Therefore,  5g AH sepharose 4B= 20 ml reconsti tu ted gel = 200 p moles 
maximum coupled spacer groups. The molecular weight o f  6 - t r ic h lo ro m e th y l  
purine = 237 .4 .  Therefore,  200 p mole 6 - t r ich lo ro m ethy l  purine = 47 mg. 
Therefore,  5g AH-sepharose 4B reacts wi th  k l  mg 6 - t r ich lo ro m ethy l  pur ine.
AH-sepharose 4B (5 g) was swollen in an excess of  sodium c h lo r ide  
solution (0.5M) fo r  f i f t e e n  minutes.  The gel was then washed with  sodium 
c h lor ide  so lut ion (1 l i t r e ,  0.5M) to remove lactose and dextran ,  fol lowed  
by d i s t i l 1ed water (1 l i t r e )  to remove sodium ch lo r id e .  6 - t r ich lo ro m e thy l  
purine (47 mg) was dissolved in k% aqueous te trahydrofuran (40 ml) and 
th is  was added to the AH-sepharose 4B w ith  slow magnetic s t i r r i n g .  The 
pH was maintained between 10.0 -  10.5 fo r  l i  hours by the dropwise add i t ion  
of sodium hydroxide solut ion (1M). To remove any excess uncoupled l igand ,  
the adsorbent was washed a l t e r n a t e l y  w i th  high and low pH b u f fe r  so lu t ions;  
carbonate/bicarbonate b u f fe r  (0.05M, pH 9 .8 ,  500 ml) was used, fol lowed by 
aceta te  bu f fe r  (0.2M, pH 4 . 5 ,  500 m l ) ,  each containing sodium c h lo r id e  
(0 .5  M). The gel was then washed with  d i s t i l l e d  water (1 l i t r e )  fol lowed  
by barbitone b u f fe r  (0.05M, pH 8 .6 ,  80 m l ) .  The d e r iva t ised  sepharose was 
resuspended in barbitone b u f fe r  (20 ml) so tha t  the f in a l  concentrat ion  
was 0.25  g /m l .
4 .3 .1 0  Adsorption of  Antibodies Spec i f ic  For Hypoxanthine
Bleeds were pooled before a f f i n i t y  p u r i f i c a t i o n ,  although bleeds 
obtained before and a f t e r  each boost were kept separate in each animal .
For example, in the case of  Suffo lk  Cross sheep 1207 bleeds 1 .3 .83  to
5 .7 .8 3  inc lus ive  were pooled, as were bleeds 14.7 .83 to 1 .1 1 .8 3 , bleeds
10.11.83 to 7 .8 .84  and bleeds 16.8 .84 to 9 .1 0 .84  ( see immunisation schedules 
in Appendix) .
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In a ty p ica l  experiment f o r  the adsorption of  ant i -hypoxanthine  
ant ibod ies ,  d e r iv a t is e d  sepharose suspended in barbitone b u f fe r  (5 ml,
0 .25 g/ml) (prepared as described in Section 4 . 3 . 9 )  was added to neat 
antiserum (10 ml) in a Sovr i l  tube.  In order to maximise the in te ra c t io n  
between the immunoadsorbent and the antiserum, the Sovri l  tube was 
rotated end over end fo r  24 hours a t  4°C ra ther  than passing the a n t i ­
serum s t r a ig h t  down a column.
A f t e r  twenty four hours the contents of  each S o v r i1 tube were 
poured into a 3 x 8 cm s in tered glass column. In order to check tha t  a l l  
anti -hypoxanth ine antibodies  had been removed by the immunoadsorbent, an 
antiserum d i l u t i o n  curve was car r ie d  out on the e f f l u a n t ,  which was thus 
shown to have no capacity  fo r  binding ra d io lab e l le d  hypoxanthine.
In order to remove n o n - s p e c i f ic a l ly  bound prote ins the column was 
washed extens ive ly  w i th  barbitone b u f fe r  (0.05M, pH 8 .6 )  conta in ing sodium 
c h lor ide  (0.5M).  The presence of  pro te in  in the washings was monitored by 
measuring the absorbance of the e f f l u a n t  a t  280 nm, and washing was 
continued u n t i l  the absorbance caused by e lu ted prote in  was < 0 .0 4 .  I t  
was found that a f t e r  the addi t ion  o f  30 m l o f  b u f f e r ,  there was no f u r t h e r  
decrease in the absorbance a t  280 nm.
4.3 .11  E lut ion of  Anti -Hypoxanth?ne Antibodies
A f t e r  determining the optimum condi t ions f o r  the e lu t io n  of  antibodies  
s p e c i f ic  fo r  hypoxanthine (Section 4 . 3 . 1 2 ) ,  sodium hydroxide so lu t ion  
(0 .0  5M, 6 ml) was added to each column, and the antibodies  were e lu ted  into  
Tris /HCl bu f fe r  (1M, pH 7 .0 ,  1 ml) fol lowed by d ia ly s is  against Tr is /HCl  
b u f fe r  (5 mM, pH 7 .4 )  w i th  f i v e  changes of  b u f f e r  during a period o f  twenty 
four hours. A f t e r  d ia ly s is  ant ibodies were concentrated by u l t r a f i l t r a t i o n  
using a concentrat ion c e l l  w ith  a RM 10 d i a f l o  u l t r a f i l t r a t i o n  membrane 
(Amicon L td . )  and a pressure of  30 ps i ,  and f re e z e -d r ie d  in a l iq u o ts
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(2 ml) fo r  long-term storage.
Column Regeneration
A f t e r  e lu t io n  of  s p e c i f i c  antibodies the column was regenerated 
by washing wi th  Tris/HCl b u f fe r  (0.1M, pH 8 .5 ,  200 ml) fol lowed by sodium 
a ceta te  b u f fe r  (0.1M, pH 4 . 5 ,  200 m l ) ,  both buffers  contain ing sodium 
ch lo r id e  (0 .5M).  The gel was r e - e q u i l ib r a te d  wi th  s t a r t in g  b u f fe r  by 
washing wi th  barbitone b u f fe r  (0.05M, pH 8 . 6 ,  200 m l ) .
The immunoadsorbent could be re-used a f t e r  regeneration of  the g e l ,  
and up to e ig h t  add i t iona l  iso la t ions  of  ant ibodies could be performed 
without any loss of  antibody-binding capac i ty .
4 .3 .1 2  A Comparison of the Effect iveness of  D i f f e r e n t  Reagents fo r  
Eluting Antibodies Spec i f ic  fo r  Hypoxanthine
Antibodies s p e c i f ic  f o r  hypoxanthine were adsorbed as described in 
Section 4 .3 .1 0  and twelve 3 x 8 cm scintered glass columns were prepared.
The antiserum used was from Suf fo lk  Cross sheep 1207 (bleed date 1 1 .8 .8 3 ) .  
Twelve d i f f e r e n t  reagents ( l i s t e d  in Table 11) were used fo r  e lu t in g  
ant ibodies from the twelve columns.
A l iquots  (6 ml) of  each of  the e lu t in g  reagents were added to each 
of the twelve columns. In order to minimise the loss of  b io lo g ic a l  a c t i v i t y  
when a denaturing eluant is used, i t  is essentia l  to t r a n s fe r  p u r i f i e d  
substances to mild condit ions immediately fo l lowing e lu t i o n .  Antibodies  
were, th e re fo re ,  elu ted in to  Tris-HC.l b u f fe r  (1M, pH 7 .0 ,  1 ml) th is  volume 
of b u f fe r  being s u f f i c i e n t  to maintain the pH in the region o f  9 .0  a f t e r  
the add i t ion  of  6 ml of  each o f  the reagents used fo r  e l u t i o n .  E lut ion  
was fol lowed by exhaustive d ia ly s is  against barbitone b u f fe r  (0.05M, pH 8 .6 ,  
4 x 2  l i t r e s )  over a period of  48 hours.
The absorbance a t  280 nm was read against a blank consist ing  of  the  
d i f f u s a t e ,  in order to determine the amounts of  prote in  e lu ted by each method.
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The resul ts  are shown in Table 11. The immunoreactivity of  the a f f i n i t y  
p u r i f i e d  anti  serum e lu ted by each reagent was tested using the protocol  
d e ta i led  in Table 7 ,  each antiserum being used without f u r t h e r  d i l u t i o n .
In four  cases, antiserum d i l u t i o n  curves were obta ined, the resu l ts  being 
shown in Figure 38.
In order to compare the r e l a t i v e  a b i l i t i e s  of  the various reagents
(Table 11) ,  to e lu te  prote in  and re ta in  immunoreactivi ty,  values which
took account o f  the d i f f e r e n t  prote in  concentrat ions of the a f f i n i t y
p u r i f i e d  a n t ise ra  were ca lcu la ted  as fo l lo w s : -
[G-3H] hypoxanthine bound 100
to ta l  r a d io a c t i v i t y  added O.D. 280 nm
The resul ts  are shown in Table 12.
Having ascerta ined th a t  sodium hydroxide was the reagent which 
eluted most p ro te in ,  w h i ls t  re ta in in g  immunoreactivity of  the e lu ted  
ant ibod ies ,  f u r t h e r  invest iga t ions  were car r ied  out in order to determine  
the volume and m o la r i ty  of  sodium hydroxide required fo r  e l u t i o n ,  and 
also the precise pH range over which e lu t io n  of  ant i -hypoxanthine  antibodies  
occurs.
4 .3 .1 3  Determination of  the Volume of  0.05M Sodium Hydroxide Required 
fo r  the Elut ion o f  Anti -Hypoxanthine Antibodies
Anti-hypoxanthine antibodies  were adsorbed as described in Section 
4 .3 .1 0 .  The antiserum used was from Suffo lk  Cross sheep 1207 (bleed date
6 . 9 . 8 3 ) .  Ten columns were prepared and f o r  the e lu t io n  of  antibodies  from 
each column twelve 1 ml a l iq u o ts  o f  sodium hydroxide (0.05M) were used.
A f t e r  the add i t ion  of  each a l i q u o t ,  the antibodies  were eluted into T r i s -  
HC1 b u f fe r  (1M, pH 7*0,  1 ml) and thus twelve f ra c t io n s  were co l le c ted  
separate ly  from each column. Each f r a c t io n  number c o l le c ted  was pooled 
with the same f r a c t io n  number from the other columns. The absorbance a t
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280 nm was determined fo r  each f r a c t io n  against  a blank consist ing of  
equal volumes of  sodium hydroxide (0.05M) and the Tris-HCl b u f f e r  (1M, 
pH 7 . 0 ) .  The resul ts  are shown in Table 13. The immunoreactivity of  
each f r a c t io n  was determined using the protocol d e ta i le d  in Table 7 and 
the immunoreactivity of  each f r a c t io n  was re la ted  to i ts  prote in  con­
cen t ra t ion  as described in Section 4 . 3 . 1 2 .  The resul ts  are shown in 
Figure 39.
TABLE 7
Protocol fo r  the Assessment of  A f f i n i t y  P u r i f i e d  A n t i -  
Hypoxanthine Anti sera by Radioimmunoassay
Volume of reagents added in pi
Reagent Total  Counts
Tube
Non-specif ic  
Binding Tube
S p ec i f ic  
Binding Tubes
D i 1uent b u f fe r  300 200 100
A f f i n i  ty p u r i f i e d  
ant i serum
- 100
[G-3H] hypoxanthine 100 100 100
Mix,  incubate f o r  5 minutes in iced water
Dextran T-70  
coated charcoal
100 100
Mix,  leave fo r  10 minutes in 
250 p 1 supernatant
iced water ,  c e n t r i f u g e ,  count
The amount of  b u f fe r  was reduced compared w i th  previous  
assays, in order to keep a higher f i n a l  concentrat ion of  
anti  serum in the tubes,  and incubation time was reduced 
from ten minutes to f i v e  minutes.
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4 .3 .1 4  D e te rm in a t io n  o f  the  pH Range Over Which A n t i - H y p o x a n th in e
Ant i bod ies are Eiuted 
Antiserum and immunoadsorbent were reacted together as previously  
described in Section A .3.10 and f i v e  columns were set up. The antiserum  
used was from Suffo lk  Cross sheep 1205, bleed date 1 2 .5 .83 .  Buffers  
covering the pH range 11.0 to 13.0 were used fo r  the e lu t io n  of  an t ibod ies ,  
the buffers  being prepared as f o l lo w s : -  g lycine  (7 .5 1 g) and sodium ch lo r id e  
(5 .85  g) were dissolved in d i s t i l l e d  water ( l  l i t r e )  to give a 0.1M so lu t io n .  
To x ml of  glycine-sodium ch lo r id e  so lut ion were added 10-x ml of  sodium 
hydroxide (0.1M) to give a b u f f e r  of  the required pH, the values o f  x be in g : -
pH X
11 .00 5.3
11.51 4 .9
12.04 4 .5
12.50 3.0
13.00 2.5
Ten 1 ml a l iquo ts  of  each b u f fe r  were added to one of  the f i v e  columns.  
Fractions were c o l le c te d ,  and the immunoreactivi ty of  each f r a c t i o n  re la ted  
to i t s  prote in  concentrat ion,  as described in Section 4 . 3 . 1 2 .  The resul ts  
are shown in Figure 40.
4 .3 .1 5  A Comparison of Sodium Hydroxide Solutions of  D i f f e r e n t
M o la r i t i e s  For the E lut ion o f  Anti -hypoxanthine Antibodies
Anti  serum and immunoadsorbent were reacted together  as previously
described in Section 4 . 3 . 1 0 ,  and two columns were prepared.  The antiserum
used was from S uf fo lk  Cross sheep 1205 (bleed dated 1 2 .5 .8 3 ) .  Sodium
hydroxide sol ut ions of  d F f ferent  mol ar i t  ies (0.025M, pH 12.0 and "0 .05M-,
pH 12.5) were used fo r  e lu t io n ,  ten 1 ml a l iq u o ts  of  each so lut ion  being
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added to one of  the columns. Fractions were c o l le c te d ,  and the immuno- 
r e a c t i v i t y  of  each f r a c t io n  re la ted  to i t s  prote in  concentrat ion ,  as 
described in Section 4 . 3 . 1 2 .  The resul ts  are shown in Figure 41.
4 .3 .1 6  A Comparison of The Standard Curves Obtained Using Anti  serum
From Suffo lk  Cross Sheep 1207 (bleeds 5 .7 .8 3  to 1 .11.83 pooled)
Before and A f t e r  A f f i n i t y  P u r i f i c a t i o n
Hypoxanthine standards were prepared by d issolv ing  hypoxanthine (5 mg) 36.7  
p mole) in barbitone b u f fe r  (10 ml , 0.05M, pH 8 . 6 ) .  This so lut ion was double 
d i lu te d  wi th  b u f fe r  to give standards ranging in concentrat ion from 3*7 -
918.4 nmole/ml ri '^The antiserum used was f ro n rS u f fo lk  Cross sheep"1207 (bleeds  
^477i83to 1 .11.83 pooled).  The crude antiserum was used und i lu ted ,  and 
the a f f i n i t y  p u r i f i e d  antiserum was used both und i lu ted ,  and d i lu te d  1 : 1 
with  barbi tone  b u f fe r  (0.05M, pH 8 . 6 ) .  [ G-3H] hypoxanthine was d i lu te d
as described in Section 4 . 3 . 2 .  The reagents were added in the order  
indicated in Table 8 to LP3 p la s t i c  tubes (Luckham Ltd.  Sussex). Ammonium 
sulphate was used fo r  phase separa tion ,  a l iquo ts  (150 p i )  of  a saturated  
solut ion being used to give 33% saturat ion  a f t e r  add i t ion  to a l l  tubes,  
including the to ta l  counts tubes. A f t e r  c e n t r i fu g a t io n  250 pi of  the super­
natant was added to l iq u id  s c i n t i l l a n t  (4 ml) fo r  counting as described in 
Section 4 . 3 . 4 .
Ammonium sulphate p re c ip i ta te s  antibodies and antibody-ant i  gen complexes,  
so that f re e  hypoxanthine remains in the supernatant.  Counts per minute 
(CPM) values were, th e re fo re ,  computed as f o l lo w s : -
% f r e e  [G-3H]hypoxanthine = CPM s p e c i f ic  binding tube x 100
CPM to ta l  counts tube
% bound [G-3H]hypoxanthine = 100 -  % f r e e  [G-3H]hypoxanthine
A l l  measurements were made in d u p l ic a te .
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TABLE 8
Pro toco l  For the D e te rm in a t io n  o f  [G-3H] Hypoxanth ine
By Radioimmunoassay
Volume of reagents added in pi
REAGENT TOTAL COUNTS
TUBES
ZERO STANDARD 
TUBES
STANDARD
CURVE
Di luted b u f fe r  200 100 -
Standard - 100
Anti  serum 100 100
[G-3H] hypoxan- 100 
th ine
100 100
Mix,  incubate fo r  5 minutes in iced water
Saturated 150 
ammonium sulphate
150 150
Mix,  leave fo r  5 minutes 
count 250 pi supernatant
in iced water ,  c e n t r i fu g e ,
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TABLE 9
D e te rm in a t io n  o f  the  A s s o c ia t i o n  Time f o r  Hypoxanthine and A n t i -
hypoxanthine Ant isera  from Suffo lk  Cross sheep 1205 (Bleed 12.5 .83)
arid 1207 (11 .8 .8 3 )
Associat ion time 
in minutes
[G-3H]hypoxanthine bound/total  r a d io a c t i v i t y  
added x 100
1205 pre-  1205 1207 pre-  1207 
immunisation a n t i -  immunisation a n t i ­
serum serum serum serum
10 5.66 10.93 6.95 23.58
20 5.10 9.41 6 .55 23.95
30 4.81 10.89 5.80 21.33
4o 4.95 9.45 6.10 24.40
50 4.04 9.11 5.57 24.15
60 4.45 9.41 6.07 24.07
Mean ± S.E.M. 4.84 ± 0.56 9 .87  ± 0.82 6 .17  ± 0.50 23.58 ± 1.13
% c o e f f i c i e n t  
of v a r ia t io n
11.57 8.31 8.10 4 .79
TABLE 10
Ti t r e  of Ant isera  Obtained a f t e r  Boosting Suf fo lk  Cross
Sheep 1207
Jl.
Number of  days a f t e r  Maximum amount of  [G-3H] ' T i t r e  of  bleed  
boosting hypoxanthine bound/total  
r a d io a c t i v i t y  added x 100
28 25.5 1 : 8 .4
37 30.9 1 : 10.6
63 29.7 1 : 9 .7
72 27.5 1 : 8 .2
91 27.4 1 : 9 .6
T i t r e  is defined as that d i l u t i o n  of  antiserum which binds 50% of the 
maximum amount of  ra d io labe l le d  marker bound.
Concentration of  [G-3H] hypoxanthine = 700 pg/tube
-  96 -
in(U-M
C
*i
c
n f - ,  UCO
CM _c
CM
LO
CO
CD
LO
CO
CO
001 x pappe A} ! A noeo jpe j  leqoq/punoq auiqquexodAq[h^-3]
-  97 -
FI
GU
RE
 
32 
Ti
me
 
co
ur
se
 
fo
r 
th
e 
ad
so
rp
ti
on
 
of 
hy
po
xa
nt
hi
ne
 
by 
de
xt
ra
n 
T-
70
 
co
at
ed
 
ch
ar
co
al
 
(2
.5
%
 
su
sp
en
si
on
 
Ea
ch
 
po
in
t 
is 
th
e 
me
an
 
of 
tw
o 
de
te
rm
in
at
io
n
s.
00 I -
1_
<u
4-J C
U- o
fO•—
4-)
in TO
> - m
TO•—
X c
3
u- E
O E
s_
d) d>
-Q E
E
3 i_
ZZL Q.
cvl
o  +■* 
oo £o^  o
JD
X IC
CN
o
CO
c
toxo
Q .
JZ
TO
CDC
mOOJD
XCTO
o>d-
4-J
I<D
oCVJ
OO
s_
D_o
cvj
o4-J
0)
in
co
Q .
in
Q)
<4-o
d)
in
i_3o
o
d)
E
JZ
-QTOCC
r oro
LU
o :ZDO
< psppe k \ \ a iqoeoidbj  [ eqoq/punoq 0ujqquexodAq[n£_g]
-  98 -
co
nj
ug
at
e 
(6
-t
ri
ch
lo
ro
-m
et
h
y1 
pu
ri
ne
-o
va
lb
um
in
)
+->fD
in
C
3
o
00
o
CD
O
"3-
OCM
O
O
o
CD
O
MT
O
cm
i_
Cl
i_
<u
4-»M-fD
in
> -
fD
~D
M—
O
(D
-Q
E
3
c
4->ino
O
X I
+-)
in
cn
c
in
O
O
x
"D
c
fD
co
+J
fD
in
c
3
E
O
4->
CD C  
in  —  
c E O 3 a x  
in  ■—  
CD fDS- > 
O
4 - 1
O  CD XI
CD E 
>  ro
CD C
—  fD 
C l
CD O  
X  s-
4-1 CL
u- x 
O  O  
X  
CD s- 
in  ro i- O 
3  I 
O  vO  
O  I 
CD
CD C  
E —
—  l_  
4-> 3
CL
- X CD
-= r 4-1
o fD
i— CD
CL
3  
*— »
CD £Z
CD o
X o
in
in
CD
c
in •—
E O X
3 s_ 4-4
1_ o c
CD fD
in -X X
1— o
c o Cl
o <4- > -
•— <4- X  .
4-1 3
fD C/5 fD
in
c -= r
x
E
E LU
o c
l X
CD CD
i_ —
CL u _
o
CM
..P9PPe A}|a iqoeojpej [eqoq 
1 x punoq 9Uiq^uexodAq[He-9]
-  99 -
o
CM
O
00
o
CD
O
o
CNI
oo
O
00
o
CD
O
O
CM
pappe A}! a i }oeo j pej leioq. 
punoq auiqquexodAq [p^-g]
cd
X  C  
*4— O 
fD —  
X  
in  fD 
> .  in  ro — -o c 
z j
*+- E 
O E
CD CD 
X I E 
E —
ZJ L- 
Z  CL
X
inOOx
TJcCM
in
OOx
cO
4-J
CD
in
cZJ
E
X4-J
2
cnIZ
X
inOOX
-oc
ro
c
o
XfD
in
c
ZD
E
E
O
X ---s
£ZCD•—
in Ec 3
o XCLl—
in fD
(D >x O
< x QJO E
_ _ X
CD o>
CD 1—
i— >-X
CD XX CD
X E>-M- X
o oX
CD X
in fD
X O
ZJ 1O X
o 1
CD
CD C
E •—
■— X
X ZJ
CL
•• -----
LTV CD
O X
CM fD
■— cn
ZDCL' —i
CD C
CD o
X u
in
CD
in £Z
in •—O X
X X
(_> cfD
_X X
,— oO CL
< x >■
« x X
CO fD
IXfX
LlJOZX
CJ3
o
rv*
o -  100 -
[G
— 3
H]
hy
po
xa
nt
hi
ne
 
bo
un
d/
to
ta
l 
ra
d
io
ac
ti
vi
ty
 
ad
de
d 
x 
10
0
30-
20-
10 -
Number o f  days a f t e r  
prime immunisation
360 38028040 160 240 320200120
pre-immunisat ion serum 1st boost 2nd boost
FIGURE 36 Suffo lk  Cross sheep 1207 : time course of  the leve l  of
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I  = sodium hydroxide (0.05M) 0 = barbitone  b u f f e r
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hydrochloride (6M).
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TABLE 11
A Comparison of the Amounts of  Prote in Eluted from A f f i n i t y  Columns 
Using Twelve D i f f e r e n t  Reagents
Eluting Reagent Absorbance 
a t  280 nm
Number of  
determinations
1. Sodium hydroxide (0.2M) 2.39 1
2. Sodium hydroxide (0.05M) 2.03 ± 0 . 1 1 3
3. Sodium hydroxide (0.1M) 1.77 1
4. Sodium hydroxide (0.05M 
conta in ing pyr id in e  (10%)
1.88 1
5. Guanidine hydrochloride (6M) 1.80  ± 0.22 2
6. Barbitone b u f f e r  (0.05M)+  
pyr id ine  (10%)
1.69 ± 0.13 3
7. Barbitone b u f fe r  (0.05M) + 
pyr id ine  (15%)
1.49 1
8. Barbitone b u f fe r  (0.05M) + 
pyr id ine  (20%)
0.60 1
9. Glycine/HCl b u f fe r  (pH 2 .8 ) 1-19 1
10. Urea (8M) 1.18 ± 0.02 2
11. Hydrochloric acid (pH 2 .0 ) 0.76 1
12. Barbitone b u f fe r  (0.05M)  
containing dimethyl sulphoxide 
(DMS0) (50%)
0.14 1
Where more than one determination was made, absorbance values
represent the mean ±S.E.M. A l l  measurements were made in d u p l ic a te .  
Absorbance a t  280 nm was determined using quartz cuvettes wi th  a 1 cm 
l i g h t  path and an Ultrospec 4050 LKB spectrophotometer.
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TABLE 12
A Comparison of  the Amounts of  Immunoreactive Prote in Eluted  
From A f f  ini  ty Colurhns Us in g ' Twel ve P i f f e r e n t  Reagents
Eluting  Reagent * Immunoreactive 
prote in
Number of  
determinat ions
1. Sodium hydroxide (0.1M) 37.80 1
2. Sodium hydroxide (0.05M) 31.00 ± 1.55 3
3. Sodium hydroxide (0.2M) 19.97 1
k . Barbitone b u f fe r  (0.05M) + p y r id ine  
(10%)
19.32 ± 2.55 3
5. Barbitone b u f fe r  (0.05M) + pyr id ine  
(15%)
15.78 1
6. Barbitone b u f fe r  (0.05M) + pyr id ine  
(20%)
6.00 1
7. Urea (8M) 13.36 ± 8.99 2
8. Guanidine hydrochlor ide (6M) 11.9^ ± 2.32 2
9. Barbitone b u f fe r  (0.05M) conta ining  
dimethyl sulphoxide (DMS0) (50%)
9.93 1
10 .Sodium hydroxide (0.05M) conta ining  
p y r id ine  (10%)
7.28 1
11 .Glycine/HCl bu f fe r  (pH 2 .8 ) 6 .87 1
12 .Hydrochi o r ic  acid (pH 2 .0) 5 .55 1
Values fo r  immunoreactive prote in  
[G-3H]hypoxanthine bound
were ca lcu la ted  as 
x 100
f o l 1ows: -
to ta l  r a d io a c t i v i t y  added O.D. 280 nm
Where more than one determinat ion was made, absorbance values  
represent the mean ± S.E.M.
A l l  measurements were made in du p l ica te .
Absorbance a t  280 nm was determined using quartz  cuvettes w i th  a 1 cm 
l i g h t  path and an Ultrospec 4050 LKB spectrophotometer.
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TABLE 13
De te rm in a t io n  o f  the  Volume o f  Sodium Hydrox ide  (0.05M) Required For
the Elut ion of  Antibodies : A Comparison of the Amount of  Protein in
each of  Twelve Fract ions Eluted with Twelve Successive 1 ml A l iquots
of Sodium Hydroxide
Fract ion Number Absorbance a t  280 nm
1 0.81
2 1.84
3 1.88
4 1.88
5 1.86
6 1.83
7 1 .84
8 1.82
9 1.51
10 1.24
11 1.19
12 1.53
Absorbance a t  280 nm was determined using quartz  curvettes  w i th  a 1 cm 
l i g h t  path and an Ultrospec 4050 LKB spectrophotometer.
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Detection Limits  fo r  Ant isera  from Suffo lk  Cross Sheep 1207 
(bleeds 14.7.63 to 1 .11.83 pooled) Both Before and A f t e r  
A f f i n i t y  P u r i f i c a t io n
Antiserum D i 1ut ion ^Detection L imit  
in n mole/ml
A f f i n i t y  p u r i f i e d neat 28.5
A f f i n i t y  p u r i f i e d 1 :1 18. Q
Crude antiserum neat 18.0
*  Detection l i m i t  was ca lcu la ted  by f in d in g  the hypoxanthine 
concentrat ion ,  equiva lent to twice the standard dev ia t ion  of  
the binding a t  zero (n = 2 ) .  (Feldman and Rodbard, 1971).
1 g wet f i s h  muscle = 15 ml f i s h  e x t ra c t  (Section 6 . 3 . 4 ) .
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4.5 DISCUSSION
Four of  the e ig h t  animals immunised showed an antibody response to 
hypoxanthine, but the an t ise ra  were of  extremely low t i t r e  (Table 10) .
A f f i n i t y  p u r i f i c a t io n  was, th e re fo re ,  essentia l  in order to concentrate  
the a nt ibod ies .
An immunoadsorbent fo r  ant i -hypoxanthine  antibodies  was prepared by 
reacting 6 - t r ic h lo ro m ethy l  purine wi th  AH-sepharose 4B (Figure 31) .  Various  
methods have been described fo r  the e lu t io n  of  immunoglobulins from immuno- 
adsorbents,  including change in pH, reduction in p o l a r i t y ,  and exposure to 
denaturing so lu t ions.  D i f f e r e n t  methods break d i f f e r e n t  types of  bonds 
important in mainta ining the complex of  antibody and immunoadsorbent, forces  
such as e le c t r o s t a t i c  in te ra c t io n s ,  hydrophobic e f fe c ts  and hydrogen bonding.
Raising the pH using sodiurn hydroxide (0.1M or 0.05M) was the most 
e f f e c t i v e  method of e lu t in g  ant i -hypoxanthine  antibodies w h i ls t  re ta in in g  
immunoreactivity.  Desorption a t  a lk a l in e  pH is not widely  used as an 
e lu t io n  method, but has proved successful in the case of  col lagen peptides 
iso la ted on immunosorbent columns (Chidlow,Bdur.ne and B a i ley ,  1974).  In 
the case o f  ant i -hypoxanthine  an t ibod ies ,  increasing the m o la r i ty  o f  the 
sodium hydroxide to 0.2M resul ted in more prote in  being e lu ted  (Table 11) ,  
but a lso  caused prote in  d en atu ra t io n , as evidenced by loss of  immunoreactivity  
(Table 12) .  Furthermore,  the immunoadsorbent was chemical ly modif ied by 
a l k a l i  of  th is  concentrat ion ,  as judged by both a change in appearance,  and 
by the i n a b i l i t y  of  the gel to undergo regeneration.
Changing the pH brings about the desorption of  antibodies by a l t e r a t i o n  
of the degree of  ion isa t ion  of  charged groups a t  the binding s i t e s .  However, 
w h i ls t  ra is ing  the pH was the most e f f e c t i v e  method of e lu t i o n ,  urea (8M),  
guanidine hydrochloride (6M) and pyr id ine  (10%) were a lso e f f e c t i v e ,  suggest­
ing that forces other than e l e c t r o s t a t i c  in te rac t ions  were a lso involved in 
maintain ing the antibody-antigen  complex. The mode o f  act ion o f  guandine 
hydrochlor ide,  fo r  example, is to reduce hydrophobic in te ra c t io n s  and thereby
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bring about desorpt ion.  In the presence o f  non-polar molecules such as 
hypoxanthine, water adopts a highly  ordered hydrogen bonded s t ru c tu re .
High concentrat ions of  reagents such as guanidine hydrochloride d is ru p t ;  
the s t ru c tu re  of  water ,  and so reduce hydrophobic in te ra c t io n s .
Buf fer  conta in ing pyr id ine  (10%) was compared wi th other e lu t io n  
methods, as i t  has been found that d i l u t e  solut ions of p y r id ine  i n h i b i t  the 
reaction  between the nucleoside isopenteny1adenosine and i ts  antiserum,  
w h i ls t  other  solvents examined were less e f f e c t i v e  (Humayun and Jacob, 1974).  
Pyr id ine  (10%) proved to be a m i ld ,  yet  e f f e c t i v e  desorbing agent f o r  a n t i -  
hypoxanthine a nt ibod ies .  Increasing the p y r id ine  concentrat ion to 15% or  
20% caused a decrease in the amount o f  prote in  e lu ted  (Table 11 ) ,  and a lso  
resulted in loss of  immunoreactivi ty (Table 12) .  Humayun and Jacob (1974) 
found that  at  concentrat ions of  about 20% or more, some non-spec i f ic  
denaturat ion seemed to be caused by p y r id in e ,  as evidenced by t u r b i d i t y .
The mode of act ion of  pyr id ine  is uncerta in .  W hi ls t  i t  may act as a 
hydrogen-bond breaker,  another p lau s ib le  explanat ion is the change in prote in  
conformation which occurs in non-aqueous so lu t ions.
As the mode of act ion o f  pyr id ine  may involve breaking bonds of  
d i f f e r e n t  types to those broken by the use of  sodium hydroxide,  these two 
reagents were a lso used in con juct ion ,  to inv es t iga te  the p o s s i b i l i t y  of  a 
synergystic e f f e c t .
However, w h i ls t  sodium hydroxide (0.05M) contain ing p y r id in e  (10%) 
was e f f e c t i v e  a t  e lu t in g  prote in  (Table 11) ,  there was considerable  loss 
of immunoreactivity (Table 12) ,  in d ic a t iv e  of  extensive  pro te in  denatura t io n .
The reagent least  e f f e c t i v e  a t  e lu t in g  anti -hypoxanth ine  antibodies  
was hydrochlor ic  acid (pH 2 . 0 ) .  This is in agreement with  the f ind ings  of  
O'S ul l ivan  e t  a l .  (1979),  who showed that  there is a q u a l i t a t i v e  d i f f e r e n c e  
in the nature of  the antigen-antibody in te ra c t io n  between small hydrophobic 
antigens,  and large prote in  antigens.  Whi ls t  acid condi t ions are most 
e f f i c i e n t  in d is rupt ing  p ro te in -p ro te in  in te ra c t io n s ,  such condi t ions were
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found to be i n e f f e c t iv e  in e lu t in g  e i t h e r  prote in  or antibody a c t i v i t y  
from a t r i io d o th y ro n in e  (T3) immunoadsorbent t reated wi th  ant ibodies  raised  
against T3 . However, approximately 50% of  the T3 a c t i v i t y  was recovered when 
the immunoadsorbent was t rea ted  wi th guanidine hydrochloride (O 'S u l l iv a n ,  
Gnemmi, C h i e r e g a t t i , M o r r is , Simmonds, Simmons, Bridges and Marks, 1979).
The condi t ions needed fo r  e lu t io n  of  ant i -hypoxanthine  antibodies  
were markedly d i f f e r e n t  from those used to e lu te  nucle ic  acid
components, where a c e t ic  acid has been the reagent most widely  used. A n t i ­
bodies raised against the double-stranded polynucleot ide p o ly in o s in ic  ac id ,  
p o ly cy t id y 1ic acid were e lu ted wi th  2M a c e t ic  acid (Guigues and Leng, 1976),  
antibodies  to adenos ine -5 '“monophosphate (AMP) were e lu ted  wi th  1M a c e t ic  
acid (Drocourt and Leng, 1975),  and antibodies  s p e c i f ic  fo r  u r id in e  were 
eluted wi th  0.1M ac e t ic  acid (Jaton e t  a l . 1967).
Figure 42 shows the standard curves obtained using an t is e ra  from 
Suffo lk  Cross sheep 1207 (bleeds 5 .7 .8 3  to 1 .11.83 pooled) both before  and 
a f t e r  a f f i n i t y  p u r i f i c a t i o n .  Detection l im i t s  were ca lcu la ted  as the antigen  
concentrat ion equiva lent to twice the standard dev ia t ion  of  the binding a t  
zero (n = 2) (Feldman and Rodbard, 1971). Whi ls t  de tect ion l im i t s  were the 
same wi th  the crude antiserum used und i lu ted ,  and the a f f i n i t y  p u r i f i e d  
antiserum d i lu te d  1:1 wi th barbitone b u f fe r  (Table 14) ,  the a f f i n i t y  
p u r i f i e d  ant i  serum gave a more s e n s i t iv e  assay,  as evidenced by the steeper  
standard curve (Figure 4 2 ) .  Furthermore,  there was s t i l l  a s l i g h t  "Hook 
e f f e c t "  due to an excess of  antiserum, wi th  the a f f i n i t y  p u r i f i e d  antiserum  
d i lu te d  1:1 wi th  b u f f e r ,  so tha t  f u r t h e r  d i l u t i o n  of  the antiserum would 
possibly re s u l t  in a standard curve of  g re a te r  s e n s i t i v i t y ,  (Section 6 . 4 . 2 ) .
However, the main advantage of  a f f i n i t y  p u r i f i c a t io n  proved to be the 
removal of  extraneous prote in  which causes problems during phase separation .  
Dextran coated charcoal as a phase separation system is a f fe c ted  by the 
prote in  concentrat ion of  the incubate,  and the use of  ammonium sulphate ,  
which p re c ip i ta te s  prote ins and ant igen-antibody complexes, could re s u l t  in
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trapping of the f re e  phase in the p r e c i p i t a t e  in the case of  a bulky 
p r e c ip i t a t e  caused by a high concentrat ion of  non-spec if ic  plasma pro te ins .  
The problems encountered during phase separation are discussed in Chapter 
5.
The e q u i l i b r a t i o n  or associat ion time required fo r  an assay system 
to reach maximum binding occurs when the amount of  label  bound by antibody  
a t ta in s  a maximum and plateaus out.  The resul ts  in Table 9 indicated that  
there  was no advantage in using an incubation time longer than ten minutes.  
Even th is  may be unnecessari ly long, as most small molecules react very  
ra p id ly  w i th  s u i ta b le  a n t i s e r a ,  e qu i l ib r ium  usual ly  being reached in less 
than a minute.  In p r a c t ic e ,  the radioimmunoassay fo r  hypoxanthine was 
eventua l ly  carr ied  out as a continuous operat ion ,  with  no time set aside  
fo r  incubation as such, other  than the time taken to add reagents to a l l  
tubes in the assay and mix by vor tex ing .
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CHAPTER 5
CHAPTER 5 
5 .  PHASE SEPARATION SYSTEMS
5.1 INTRODUCTION
In a radioimmunoassay, a t  the end of the incubation period between 
antibody and antigen,  i t  is necessary to phy s ic a l ly  separate f r e e  antigen  
from ant igen-antibody complexes, in order to determine the d i s t r i b u t i o n  
of the label  led antigen between the two phases. A f t e r  phase separation ,  
e i t h e r  f r a c t io n  can be q u a n t i f i e d .  In theory a per fec t  phase separation  
system would t o t a l l y  separate f re e  antigen from antigen-antibody complexes, 
but in p ra c t ic e  th is  is seldom achieved. Any e r ro r  caused by incomplete 
separation in RIA i . e .  by counting f r e e  rad io ac t iv e  t ra c e r  in the bound 
f r a c t i o n ,  or v ice versa is termed m i s c la s s i f i c a t io n  e r ro r  (Rodbard, Cooper 
and Rayford,  1969).
Many d i f f e r e n t  techniques have been used to bring abount phase 
separation.  Early assays u t i l i s e d  tedious and time-consuming chromatographic 
separation techniques such as gel f i l t r a t i o n  (Yalow andaBerson, I960,
GeniithjrErohman and Lebovitz ,  1964) or e lectrophores is  (Hunter and Greenwood,
1964).  More p ra c t ic a l  separat ion systems render e i t h e r  the bound or the 
f ree  f r a c t io n  insoluble ,  so that  the phases can be separated a f t e r  c e n t r i ­
fu ga t ion .  Free antigen can be rendered insoluble by adsorption to various  
sol id  m a te r ia ls .  Activated charcoal was f i r s t  used for  adsorption o f  f r e e  
antigen in an assay fo r  vi tamin B i2 ( M i l l e r ,  1957),  and since then has been 
used ex ten s ive ly .  I t  has been suggested tha t  charcoal should be coated with  
dextran to act  as a molecular s ieve,  a l lowing adsorption of  the low 
molecular weight f r e e  ant igen ,  but excluding the higher molecular weight  
ant igen-antibody complexes (Herber t ,  Lau, G o t t l i e b  and B le ich er ,  1965).
Other workers have obtained s a t is fa c to r y  separation using uncoated charcoal  
(P a lm ie r i ,  Yalow and Berson, 1971).  Binoux and Odell (1973) found tha t  
w hi le  dextran coating diminished the adsorption of  antigen-antibody  complexes,
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i t  did not e n t i r e l y  e l im in a te  such adsorption,  and also reduced the 
adsorption of  f re e  ant igen.  They proposed that dextran does not act  as 
a "molecular sieve"  but reduces the number of  s i tes  a v a i l a b le  fo r  adsorption  
of  both bound and f r e e  antigen.
Adsorbents which have been used less extens ive ly  than charcoa l ,  include  
ta l c  (Rossel in,  Assan:, Yalow and Berson, 1966) and hydroxy lapet i te  (T ra f fo rd ,  
Ward, Foo ' and Makin, 1974).
The a l t e r n a t i v e  to adsorbing f r e e  antigen,  is to render the bound 
f r a c t io n  insoluble .  Ant igen-antibody complexes can be p r e c ip i ta te d  e i t h e r  
by s e le c t iv e  chemical p r e c ip i t a t io n  or by immunological p r e c ip i t a t io n  
( the double or  second antibody method). Chemica1 p re c ip i ta n ts  which have 
been used fo r  RIA include ammonium sulphate (Goodfriend, 1968), sodium 
sulphate (Grodsky and Forsham, I9 6 0 ) ,  ethanol (O d e l l ,  Wilber and Paul,
1965) and polyethylene glycol  (Desbuquois and Aurbach, 1971).
The method of phase separation is ,  th e re fo re ,  an important step 
requir ing  inves t iga t ion  in the development of  a radioimmunoassay.
The choice of  a s u i tab le  phase separation system is determined by 
many fa c to rs .  While double antibody separation systems are  genera l ly  
app l icab le  and the m is c la s s i f i c a t io n  e r ro r  is low, a r e l a t i v e l y  long time 
is required to accomplish the separation because of the time taken f o r  the 
IgG-second antibody complexes to form an insoluble  p r e c i p i t a t e .  A f u r t h e r  
disadvantage is the high cost of  the p r e c i p i t a t i n g  ant ibod ies .
Chemical p r e c ip i t a t io n  has the advantages of  r a p id i t y  and cheapness 
of reagents.  Ammonium sulphate has a considerable quenching e f f e c t  which 
a f fe c ts  the l iq u id  s c i n t i l l a t i o n  counting of t r i t i u m - l a b e l l e d  ant igens,  but 
th is  need not present a problem as long as the s p e c i f ic  a c t i v i t y  o f  the 
label  is high enough. Addit ion of  ammonium sulphate to a l l  assay tubes,  
including the to t a ls  tubes,  ensures tha t  a l l  tubes are equal ly  quenched.
Adsorption of  f ree  antigen by a c t iv a te d  charcoal is prone to e r ro rs  
because of r e - e q u i l i b r a t i o n ,  depending upon the r e v e r s i b i l i t y  o f  the
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antigen-antibody in te ra c t io n .  This can cause problems in the case of  low 
a v i d i t y  ant ibodies  where the a f f i n i t y  of t rac er  fo r  adsorbent may exceed 
tha t  of  t r a c e r  fo r  antibody.  Charcoal may then s t r i p  o f f  the antigen bound 
to antibody so that bound t ra c er  w i l l  be measured as f re e  t r a c e r .  In 
addi t ion the presence of high concentrat ions of  serum or o ther  prote ins can 
a f f e c t  the adsorption of  f r e e  antigen by charcoal .  A charcoal  separat ion  
system, th e re fo re ,  needs to be c a r e f u l l y  optimised fo r  each indiv idual  
RIA system.
Two phase separation systems were investigated during the development 
of an RIA f o r  hypoxanthine; these were chemical p r e c ip i t a t io n  of  antigen-  
antibody complexes using ammonium sulphate,  and adsorption of  f re e  hypox­
anthine using a c t iva te d  charcoa l .  The fo l lowing steps were taken in order  
to optimise condit ions fo r  the use of  charcoal .: -
1. Adsorption of  hypoxanthine by charcoal was investigated in the 
presence of d i f f e r e n t  concentrat ions o f  serum.
2. A dose-response curve fo r  charcoal adsorption of  hypoxanthine
was constructed using varying amounts of  charcoa l .
3. A f t e r  se lect ion  of  the charcoal concentrat ion g iv ing maximal binding
of f re e  hypoxanthine,  the v a r ia t io n  in binding wi th varying contact  
times with charcoal was invest iga ted .
4. Uncoated charcoal was compared with  charcoal coated w i th  three  
dextrans of  d i f f e r e n t ,  molecular weight,  T-40 ,  T-70 and T-250.
5. A dose-response curve f o r  charcoal adsorption of  hypoxanthine was
constructed using varying amounts of  hypoxanthine.
5 .2  MATERIALS
[G-3H]hypoxanthine (16 .2  mCi/mg; 599 MBq/mg) was purchased from 
Amersham I n te r n a t io n a l ,  Bucks. (Amersham code TRA 74) .  Hydrochloric  acid  
was from May and Baker L t d . ,  Dagenham. Dextran T-40,  T-70 and T-250 were 
obtained from Pharmacia L t d . ,  Mi l ton Keynes. Bovine serum albumin,  N o r i t  A
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charcoal and T r is  [hydroxymethy1] aminomethane were from Sigma Chemical 
Co.Ltd,  Poole, Dorset.  A l l  other chemicals and solvents were purchased 
from BDH Chemicals L t d . ,  Eas t le igh ,  Hampshire and were of  a n a ly t ic a l  grade.
5.3 METHODS
5.3 .1  Preparation of  Reagents
5 .3 .1 .1  Barbitone b u f" //% H 8 .6 )  contain ing 0.1%
5 . 3 . 1 . 2  Phosphate b u f fe r  (0.05M, pH 7 .4 )  conta in ing 0.1% BSA
A solution of  disodium hydrogen phosphate (7.1 g / 1 i t r e  0.05M) was 
added to a solut ion of  sodium dihydrogen phosphate (6 .0  g / l i t r e ,  0.05M) wi th  
magnetic s t i r r i n g ,  u n t i l  a pH of 7 .4  was obta ined. BSA ( Ig )  was then 
dissolved in 1 l i t r e  of  phosphate b u f f e r .
5 . 3 . 1 . 3  Tris/HCl  b u f fe r  (0.05M, pH 7.4)
Tris[hydroxymethy1] ami no methane (0 .6g)  was dissolved in d i s t i l l e d  
water (100 ml) to give a 0.05M so lu t ion .  Hydrochloric acid  (0.05M,  
approx. 20 ml) was added wi th  magnetic s t i r r i n g ,  to bring the pH to 7 .4 .
5 . 3 . 1 . V  Borax/phosphate b u f f e r  (pH 7 . 4 )
Borax (1.9g) was dissolved in d i s t i 1 led water (100 ml) to g ive  a 
0.05M s o lu t ion .  Sodium dihydrogen phosphate (0.1M, approx.  54 ml) was added 
with magnetic s t i r r i n g ,  to bring the pH to 7 .4 .
5 . 3 . 1 . 5  Sorensen's phosphate b u f fe r  (0.05M, pH 6 . 0 )
Disodium hydrogen phosphate (0 .35  g) was dissolved in d i s t i l l e d  water  
(50 ml) to give a 0.05M solution (Solution A) .  Sodium dihydrogen phosphate 
(0 .39  g) was dissolved in d i s t i l l e d  water (50 ml) to give  a 0.05M so lu t ion  
(Solut ion B ) . Solut ion B was added to solut ion A, with magnetic s t i r r i n g ,  
to bring the pH to 6 .0  (approx. 88 ml solut ion A + 12 ml Solution B ) .
bovine serum
This b u f fe r  was prepared as described previously  in Section
4 .3 .2,.
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5 *3 .1 .6 ,  P re pa ra t io n  o f  dex t ra n  coated charcoa l  and uncoated charcoa l
suspens ion (concent rat  ion range 0 .02 -  10.00%)
Dextrans of  d i f f e r e n t  molecular weight (T -40 ,  T-70 and T-250)were used 
to coat charcoal . Nor i t  A charcoal (20g) was suspended in 100 ml of  the 
appropr iate  b u f f e r , e i t h e r  phosphate b u f f e r , (0.05M, pH 7 .6 )  or barbitone  
b u f fe r  (0.05M, pH 8 .6 )  as indicated in the t e x t .  Dextran (2g) o f  the 
appropr iate  molecular weight was suspended in 100 ml of  the same b u f f e r .
The two suspensions were mixed together and s t i r r e d  overnight a t  4°C.
For preparat ion of  uncoated charcoal suspension, N o r i t  A charcoal  
(20g) was suspended in b u f fe r  (200 ml) and s t i r r e d  overnight a t  4°C.
Both the coated and uncoated charcoal suspensions were centr i fuged  
at  low speed (1500 rpm) using a Beckmann J6B c e n t r i fu g e .  The supernatant  
b u f fe r  was decanted to remove f in e  p a r t i c l e s  of  charcoa l ,  and the p e l l e t  
was resuspended in b u f fe r  (200 m l ) .  The re su l t in g  10% charcoal  suspension 
was double d i lu te d  wi th  b u f f e r  to give a range of  concentrat ions from 
0.02  -  10.00%. The suspension was s t i r r e d  magnet ica l ly  throughout the 
operat ion of  double d i l u t i o n ,  in order to ensure even d i s t r i b u t i o n  o f  the 
charcoal p a r t i c l e s  in the b u f f e r .  Storage was a t  4°C and the charcoal  was 
s t i r r e d  f o r  ten minutes before use w h i ls t  standing in iced water .  During 
s t i r r i n g  a l iquots  o f  the charcoal suspension were taken f o r  add i t io n  to 
tubes.
5 . 3 . 1 . 7  Preparation o f  hypoxanthine standards
Hypoxanthine standards were f re s h ly  prepared fo r  each assay.  Unless 
otherwise stated standards were prepared as f o l lo w s : a so lu t ion  of
hypoxanthine (544 pg/ml: 4 p mole /m l)  was double d i lu te d  w i th  barbitone  
b u f fe r  (0.05M, pH 8 .6 )  to give standards ranging in concentrat ion from 
15.6 -  1000 n mole / m l .
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5 .3 .2  Assay Condi t  ions
Unless otherwise stated in the t e x t ,  a l l  radioimmunoassay procedures 
were performed in barbitone b u f fe r  ( 0 .05 ,  pH 8 .6 )  containing 0.1% BSA, 
prepared as described in Section 4 . 3 .  . This bu f fe r  was used fo r  d i l u t i o n  
of  a n t is e r a ,  standards^[G—3H] hypoxanthine,  and also where a p propr ia te ,  fo r  
d i l u t i o n  o f  samples. D i lu t io n  o f  [G-3H] hypoxanthine was car r ied  out as 
previously  described in Section 4 . 3 . 2 .  Each assay was set up w i th  tubes 
standing in iced water .  The reagents ( in  the order indicated in the Tables 
spec i f ied  in the t e x t ) , were added to LP3 p l a s t i c  tubes (Luckham L t d . ,
Sussex). The contents were mixed by v or te x ing ,  and the tubes allowed to 
stand in iced water .  Incubation time was f i v e  minutes,  unless a longer  
incubation was used fo r  a p a r t i c u l a r  in v e s t ig a t io n ,  as s pec i f ied  in the t e x t .
A f t e r  the add i t ion  of  e i t h e r  uncoated charcoal ,  dextran coated 
charcoal ,  or ammonium sulphate fo r  phase separation,  as a p propr ia te ,  the 
tubes were vortexed again,  and allowed to stand f o r  a f u r t h e r  f i v e  minutes 
in iced water .
The tubes were then centr i fuged a t  3000 rpm fo r  10 minutes a t  4°C in 
a Beckmann J6B re f r ig e ra te d  c e n t r i fu g e .  An a l iq u o t  o f  the supernatant  
( e i t h e r  250 pi or 400 pi as spec i f ied  in the t e x t )  was taken from each tube 
and placed in LSC M in iv ia ls  (LKB) conta in ing s c i n t i l l a t i o n  co ck ta i l  
Optiphase Safe (LKB) (4 m l ) .  The amount o f  [G-3H] hypoxanthine in each 
v ia l  was determined by l iq u id  sc i n i t i 1la t io n  counting,  as described previously  
in Section 4 .3 .
5 .3 .3  The E f fe c t  of  Added Prote in (Bovine Serum Albumin or Normal Sheep 
Serum) on the Adsorption o f  Hypoxanthine a t  D i f f e r e n t  Charcoal 
Concent rat  ions)
The charcoal adsorption of  hypoxanthine was investigated w i thout  
prote in  in the incubate,  in the presence o f  1% bovine serum albumin (BSA), 
and in the presence of  normal sheep.serum.d i lu te d  1:4 with  the appropr ia te  
b u f f e r .  Two d i f f e r e n t  b u f fe r  systems were used, phosphate b u f f e r  (0.05M,
-  121 -
pH 7 .4 )  and barbitone b u f fe r  (0.05M,pH 8 . 6 ) .  Each b u f fe r  was prepared 
both without added p ro te in ,  and contain ing 0.1% BSA as described in Sections
4 . 3 . 2  and 5 . 3 . 1 .
A series  of  twenty tubes was set up f o r  each assay condit ion by adding 
the reagents ( in  the order indicated in Table 15) to LP3 p l a s t i c  tubes 
(Luckham Ltd.  Sussex). The contents were mixed by vor tex ing ,  and the tubes 
incubated a t  4°C. As th is  inves t iga t ion  was c ar r ie d  out during the i n i t i a l  
stages of  assay development, before the assoc iat ion time fo r  hypoxanthine 
and anti -hypoxanthine an t is e ra  had been determined (Section 4 . 3 .  7')> tubes 
were incubated fo r  one and a h a l f  hours a t  4°C, fol lowed by ten minutes 
in iced water ,  in case a long incubation time proved necessary fo r  low 
a v i d i t y  a n t is e ra .
Suspensions (10%) of  both uncoated charcoa l ,  and charcoal coated 
with dextrans of  d i f f e r e n t  molecular weight (T -40 ,  T-70 and T-250) were 
prepared in the appropr iate  b u f fe r  (as described in Section 5 . 3 . 1 . ) ,  and 
double d i lu te d  with the same b u f fe r  to give a range of concentrat ions  
(0 .02  -  10.00%). Al iquots of  each charcoal concentrat ion were added to a .  
dup l ica te  p a i r  of  tubes from each of the s ix  s e r ie s ,  as d e ta i le d  in the  
protocol shown in Table 15. Care was taken to vor tex the charcoal  
suspensions during a l l  d i lu t io n s  and addi t ions to tubes,  in order  to avoid  
uneven d i s t r i b u t i o n  of  the charcoal p a r t i c l e s  in the b u f f e r .  C en tr i fu g a t io n  
and determination of  the amount o f  r a d io a c t i v i t y  in the supernatant were 
c arr ied  out as described in Sections 4 .3 . 3  and 4 . 3 . 4 .  The resu l ts  are shown 
in Figures 43 to 48 inc lus ive .
5 .3 .4  The Adsorption of  Hypoxanthine by Charcoal in the Presence of  
D i f f e r e n t  Concentrations of  Serum
Four buffers  were used to determine the adsorption of  hypoxanthine 
by charcoal in the presence of d i f f e r e n t  amounts of  normal sheep serum.
The buffers  were phosphate b u f fe r  (0.05M, pH 7 . 4 ) ,  Sorensen's phosphate 
(0.05M, pH 6 . 0 ) .  T r is  b u f fe r  (0.05M, pH 7*4)  and borax phosphate b u f fe r
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TABLE 15
P ro toco l  f o r  De te rm in ing  the  E f f e c t  o f  Added P r o te in  (Bovine
Serum Albumin or Normal Sheep Serum) On the Adsorption of  
Hypoxanthine a t  D i f f e r e n t  Charcoal Concentrat ions
Volume o f  reagents added in pi
Total
Reagent Counts 
Tubes
Adsorption in 
the absence 
of prote in
Adsorption in 
the presence 
of  0.UBSA
Adsorption in 
the presence 
of normal 
sheep serum
Di luent  b u f fe r  500 400 - 300
D i 1uent buf fer  
containing  
0 . U  BSA
" 400 “
Normal sheep 
serum
d i lu te d  1 :A
100
[G-3H]hypox- 100 
anthine
100 100 100
Mix,  incubate fo r  1£ hours at  
minutes in iced water
4°C fol lowed by 10
Charcoal 
concentrat ion  
(0 .02  -  }0Z)
100 100 100
Mix,  incubate fo r  5 minutes in iced water ,
c e n t r i fu g e ,  count 400 pi supernatant
Two d i lu e n t  buffers  were used. These were phosphate b u f fe r  (0.05M, pH 7**0 
and barbitone b u f fe r  (0.05M, pH 8 . 6 ) .
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(pH 7 . 4 ) .  Buffers were prepared as described in Section 5 .3 * 1 .  Normal 
sheep serum was d i lu te d  with  the appropr ia te  b u f fe r  to give concentrat ions  
ranging from 1:4 to 1:32768 (phosphate b u f fe r )  and from 1:4 to 1:512 
(Sorensen's phosphate, T r is  and borax/phosphate b u f f e r ) .  The reagents were 
added, in the order indicated in Table 16 to LP3 p la s t i c  tubes (Luckham 
Ltd. Sussex). The contents were mixed by vortexing and the tubes incubated 
at  4°C. As th is  inves t iga t ion  was c ar r ied  out during the i n i t i a l  stages 
o f  assay development, before the assoc iat ion time fo r  hypoxanthine and 
anti -hypoxanthine an t is e ra  had been determined (Section 4 . 3 * 7 . ) ,  tubes were
incubated at  4°C fo r  48 hours, fol lowed by ten minutes in iced water ,  in
case a long incubation time proved necessary fo r  low a v i d i t y  a n t i s e r a .
A 2.5% suspension of  dextran T-70 coated charcoal was used fo r  phase 
separation.  Centr i fuga t ion  and determinat ion of  the amount of  r a d io a c t i v i t y  
in the supernatant were as described in Sections 4 . 3 . 3  and 4 . 3 . 4 .  The 
resul ts  are shown in Figure 49 and Table 23.
TABLE 16
Protocol f o r  Determining the Adsorption o f  Hypoxanthine By
Charcoal in the Presence of  D i f f e r e n t  Concentrations of  Serum
Volume of reagents added in pi
Reagent Total  Counts 
Tubes
Non-specif ic  
Binding Tubes
Serum D i 1ution  
Curve
D i 1uent b u f fe r 500 400 300
Serum d i 1ut ion - - 100
[G-3H]hypoxanthine 100 100 100
Mix, incubate fo r  48
i
hours at  4°C fol lowed by 10 minutes 
n iced water
Dextran T-70 
coated charcoal  
(2.5%)
Mix,
100 100
leave fo r  5 minutes in iced w ater ,  cen t r i fu g e  
count 400 m1 supernatant
Serum d i lu t io n s  used ranged from 1:4 to 1:32768.  The d i lu e n t  bu f fers  used 
were phosphate b u f fe r  (0.05M, pH 7 . 4 ) ,  Sorenson's phosphate b u f f e r  (0.05M,  
pH 6 . 0 ) ,  T r is  b u f fe r  (0.05M, pH 7 . 4 ) ,  and borax phosphate b u f f e r  (pH 7 . 4 ) .
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5 .3 . 5  D e te rm in a t io n  o f  the  D i s s o c i a t i o n  Time f o r  A n t i  serum from S u f f o l k
Cross Sheep 1207 (b1eed 11 .8 .83 )  and Hypoxanthine, In the Presence 
of Dextran T-70 Coated Charcoal (2 .5% )♦
A ser ies o f  s p e c i f i c  and non-spec i f ic  binding tubes were prepared,  
using antiserum from Suffo lk  Cross sheep 1207 (bleed 11 .8 .83 )  fo r  the s p e c i f ic  
binding tubes,  and normal sheep serum fo r  the non-spec i f ic  binding tubes.  
Antiserum and normal sheep serum were both d i lu te d  1:4 wi th  barbitone  
bu f fe r  (0.05M, pH 8 . 6 ) ,  before add i t ion  to tubes.  The reagents were added, 
in the order indicated in Table 17, to LP3 p la s t i c  tubes (Luckham Ltd.
Sussex), the contents mixed by vor tex ing ,  and incubated fo r  f i v e  minutes 
in iced water .
At ten minute in te rv a ls  a l iquo ts  of  dextran T-70 coated charcoal  
(2.5%, 100 p i )  were added to s p e c i f i c  and non-spec if ic  binding tubes in 
du p l ica te .  A f t e r  s ix ty  minutes a l l  tubes were centr i fuged together ,  so that  
the charcoal had been l e f t  in contact w ith  the incubate f o r  various periods  
of time ranging from 2-60 minutes before c e n t r i f u g a t io n .  C e n t r i fuga t ion  and 
determination o f  the amount of  r a d io a c t i v i t y  in an a l iq u o t  o f  the super­
natant (400 p i )  were c ar r ied  out as described in Sections 4 . 3 . 3  and 4 . 3 . 4 .
The resul ts  are shown in Table 23.
5 .3 .6  Measurement of  Non-specif ic  Binding w i th  Varying Concentrat ions of
Hypoxanthine Using Dextran T-70 Coated Charcoal f o r  Phase Separation
Prel iminary  experiments had indicated that the level of  n on-spe c i f ic  
binding rose wi th  increasing concentrat ion o f  cold hypoxanthine added, when 
dextran coated charcoal was used f o r  phase separation.  A hypoxanthine 
solution (160 pg/ml) was double d i lu te d  w i th  barbitone b u f fe r  (0.05M, pH 8 .6 )  
to give standards ranging in concentrat ion from 1.25 -  160 pg/ml.  Normal 
sheep serum d i lu te d  1:4 wi th the same b u f fe r  was added to a l l  tubes apar t  
from the to ta l  counts tubes.  The reagents were added in the order indicated  
in Table 18 to LP3 p l a s t i c  tubes (Luckham Ltd.  Sussex) and the leve l  of  non­
s p e c i f ic  binding was determined in the presence of  each standard using
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TABLE 17
Pro toco l  f o r  D e term in ing  the D i s s o c i a t i o n  Time f o r  Hypoxanthine
and Anti-hypoxanthine Ant isera  In the Presence of Dextran Coated
Charcoal
Volume o f  reagents added in pi
Reagent Total  Counts 
Tubes
Non-spec i f  ic 
Binding Tubes
Spec i f  ic 
Binding Tubes
Di 1 uent b u f fe r 500 300 300
Normal Sheep Serum 
d i 1uted 1 :4
- 100 -
Anti serum 
d i 1uted 1 :4
- - 100
[G-3H]hypoxanthine 100 100 100
Mix,  incubate fo r  5 minutes in iced water
Dextran T-70 
coated charcoal  
(2.5%)
- 100 100
Dextran coated charcoal added a t  ten minute 
in te rva ls  to s p e c i f i c  and non-spec i f ic  binding  
tubes in dup l ica te
Mix,  c e n t r i f u g e ,  count 400 pi supernatant
The antiserum used was from Suffo lk  Cross sheep 1207 (bleed date 11 .8 .83 )
dextran T-70 coated charcoal (2.5%) fo r  phase separation as described in 
Section 4 . 3 . 3 .  The determination of  [ G- 3H] hypoxanthine in the supernatant  
was c ar r ie d  out as described in Section 4 . 3 . 4 .  The resul ts  are  shown in 
Figure 50.
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TABLE 18
Protocol f o r  Measurement of  Non-specif ic  Binding with  Varying  
Concentrations of  Hypoxanthine Using Dextran Coated Charcoal
fo r  Phase Separation
Volume of reagents added in pi
Reagent Total  Counts 
Tubes
Non-specif ic  
Binding in 
the absence 
of hypoxan- 
th ine
Non-spec i f  ic 
Binding in the 
presence of  
hypoxanthine
D i 1uent b u f f e r 500 300 200
Hypoxanthine
Standard
- - 100
Normal sheep 
serum d i 1uted 
1 :b
100 100
[ G—3 H] hypoxanthine 100 100 100
Mix, incubate fo r 5 minutes in iced water
Dextran T-70 coated 
charcoal (2.5%)
- 100 100
Mix,  leave fo r  10 
c e n t r i f u g e ,  count
minutes in iced water ,  
bOO pi supernatant
Standards ranged from 1.25 -  160 pg/ml before add i t ion  to tubes
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5 .3 .7  Antiserum D i lu t io n  Curves and Displacement Curves Obtained Using 
Two D i f f e r e n t  Phase Separation Systems
A displacement curve is obtained by incubating a set  of  tubes whose 
composition is ide n t ica l  to those used to obtain the anti  serum d i l u t i o n  
curve, except tha t  an a l iq u o t  of  the top standard to be used in the standard 
curve is added to each one. The curve obtained has a l in e a r  port ion p a r a l l e l  
to that of  the antiserum d i l u t i o n  curve,  but displaced to the l e f t .
Ant isera  used were from S uf fo lk  Cross sheep 1207, bleed date 2 . 8 . 8 3 ,  
when dextran coated charcoal was used f o r  phase separation,  and bleed date  
11.8 .83 when ammonium sulphate was used fo r  phase separation.  Antiserum 
d i lu t io n s  ranged from 1:4 to 1:32.  As charcoal adsorption of  hypoxanthine 
is a f fe c ted  by the prote in  concentrat ion of  the incubate,  normal sheep 
serum d i lu te d  1:4 with  barbitone  b u f fe r  (0.05M, pH 8 .6 )  was added to non­
s p e c i f ic  binding tubes and a lso used fo r  double d i 1ution of  a n t i s e r a ,  so 
as to maintain a constant level  o f  serum in a l l  tubes. Hypoxanthine standard 
(l  pg/ml) was used f o r  the displacement curves with  dextran coated charcoal  
and 5 pg/ml was used with  ammonium sulphate.  Using ammonium sulphate fo r  
phase separation e n ta i le d  adding th is  reagent to a l l  assay tubes,  so as to 
ensure equal quenching. Addit ions to the tubes were as described in Tables  
19 and 20. Assay condit ions were as described in Section 5 . 3 . 2 .  When 
ammonium sulphate is used f o r  phase separation and a l iq u o ts  of  the super­
natant are added to l iq u id  s c i n t i l l a n t ,  eve n tua l ly  the aqueous la y e r  s e t t l e s  
out from the organic solvent lay e r .  Such phase separation can cause problems 
in l iq u id  s c i n t i l l a t i o n  counting,  so v ia ls  were counted before  and a f t e r  
separation in order to ascer ta in  i f  there was any such e f f e c t .  The resu l ts  
are shown in Figures 51 and 52.
5 .3 . 8  Standard Curves Obtained Using Two D i f f e r e n t  Phase Separation Systems
Ant isera  used were from S uffo lk  Cross sheep 1207, bleed date 6 .9 .8 3
when dextran coated charcoal was used fo r  phase separation,  bleed date 11 .8 .83  
when ammonium sulphate was used fo r  phase separation.  The a n t is e ra  were
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TABLE 19
Protocol f o r  Obtaining an Antiserum D i lu t io n  Curve, Displacement Curve and 
Standard Curve Using Dextran Coated Charcoal f o r  Phase Separation
Volume of  reagents added in pi
Reagent Total
Counts
Tubes
Non-specif ic  
Binding Tubes
Anti  serum 
D i 1ution  
curve /zero  
standard tube
Di splacement 
curve /standard  
curve
D i luen t  b u f fe r 500 300 300 200
Hypoxanthine
Standard
- - - 100
Normal sheep 
serum d i 1uted 
1 :k
100 — •“
Anti serum 
d i 1ution
- - 100 100
[G-3H]hypox­
anthine
100
Mix,
100 100 100 
incubate f o r  10 minutes in iced water
Dextran T-70  
coated
charcoal  (2.5%)
* 100 100 100
Mix,  leave f o r  5 minutes 
c e n t r i f u g e ,  count kOO pi
in iced water ,  
supernatant
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TABLE 20
P ro toco l  f o r  O b ta in in g  an A n t i  serum D i l u t i o n  Curve ,D isp lacement  Curve
and Standard Curve
■ • -3 —
Us ing Ammonium Sulphate
. r. ir.r.; r r r r r '  ■ .—  
fo r  Phase Separation
Volume of  reagents added in pi
Reagent Tota 1 Counts Non-specif ic Ant i serum D i splacement
Tubes Binding Tubes d i 1ut ion 
curve /zero  
standa rd 
tube
curve/standard
curve
D i 1uent b u f fe r 400 300 300 200
Hypoxanth i ne 
Standard
-  . - 100
Normal sheep 
serum d i 1uted 
1 :4
100 -
Anti  serum 
d i l u t i o n
- - 100 100
[ G-3 H] hypox­
anthine
100 100 100 100
Mix, incubate fo r  10 minutes in iced wa te r
Saturated  
ammon i urn 
sulphate
250 250 250 250
Mix, c e n t r i f u g e ,  count 400 pi supernatant
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TABLE 21
Protocol fo r  Measurement o f  [G-3H] Hypoxanthine By 
Radioimmunoassay Us ing A f f  in i ty Puri f i e d  Anti serum
Volume o f  reagents added in pi
Reagent Total  Counts 
Tube
Zero Standard 
Tube
Standard or  
Sample Tube
Di 1 uent b u f fe r 200 100 -
Hypoxanthine 
Standard/Sample
- - 100
A f f i n i t y  P u r i f ied  
Ant i serum
- 100 100
[G-3 ] hypoxanthine 100 100 100
Mix,  incubate fo r  10 minutes i n i c e d  water
Satu rated 
Ammon i urn 
Sulphate
150 150 150
Mix,  leave 
c e n t r i fu g e ,
f o r  5 minutes in iced water ,  
count 250 pi supernantant
A f f i n i t y  p u r i f i e d  a n t ise ra  were used a t  a 1:2 d i l u t i o n .  Standards ranged 
from 15.6 -  1000 n moles/ml before add i t ion  to tubes
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d i lu te d  1:4 wi th  barbitone  b u f fe r  (0.05M, pH 8 .6 )  before add i t ion  to tubes.  
Normal sheep serum d i lu te d  1:4 was added to non-spec if ic  binding tubes,  so 
as to maintain a constant level of  serum in a l l  tubes.  Hypoxanthine 
standards ranged from 4-37 nmole/ml when dextran coated charcoal was used for 
phase separation, and from 7-51 nmole/ml with ammonium sulphate. For the 
standard curve obtained using ammonium sulphate fo r  phase separation,  a l iq u o ts  
of ammonium sulphate were added to a l l  assay tubes,  to ensure equal 
quenching. The resu l ts  are shown in Figures 53 and 54.
5 .3 .9  Measurement of  [ G—3H] Hypoxanthine by Radioimmunoassay
Antisera  from Suf fo lk  Cross sheep 1205, 1207 and 1044 were a f f i n i t y  
p u r i f i e d  as described in Section 4 .3 .  A f f i n i t y  p u r i f i e d  an t is e ra  were 
f re e z e -d r ie d  in 2 ml a l iq u o t s ,  and reconst i tu ted  as required by adding 4 ml 
barbitone b u f fe r  (0.05M, pH 8 . 6 ) ,  so that the f in a l  d i l u t i o n  used was 1:2.  
Hypoxanthine standards ranging in concentrat ion from 15.6 -  1000 n mole/ml 
were f re s h ly  prepared before each assay. Radiolabel led  hypoxanthine was 
d i lu te d  as described in Section 4 . 3 . 2  • Ammonium sulphate was used f o r  
phase separation,  a l iq u o ts  of  a saturated so lu t ion  being used to give 33% 
saturat ion  a f t e r  add i t ion  to a l l  tubes,  including the to t a l  counts tubes.
Assay conditions were as described in Section 5 .3 *2 .
5 .4 .  RESULTS
5 .4 .1  The E f fe c t  of  Dextrans o f  D i f f e r e n t  Molecular Weight on the 
Adsorption of  Hypoxanthine by Charcoal
The use of  charcoal f o r  phase separation depends on i ts  a b i l i t y  to 
adsorb f re e  antigen,  w h i ls t  ant igen-antibody complexes remain in the 
supernatant.  However, charcoal does have some a f f i n i t y  fo r  ant igen-ant ibody  
complexes, which can be decreased by p r io r  treatment of  the charcoa l ,  or by 
the add i t ion  of  prote in to the system. Charcoal can be p re - t r e a t e d  with  
dextrans with  molecular weights ranging from 10,000 to 250 ,000,  depending 
on the s ize  of  the ant igen.  The smaller weight dextrans are used f o r  the
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smallest  ant igens,  and the la rge r  fo r  p ropor t iona te ly  la rger  antigens.
Only a t  low concentrat ions of  charcoal did the charcoal coating  
a f f e c t  the adsorption of  hypoxanthine.  At concentrat ions < 0.31% charcoal  
coated wi th dextran T-70 was the most e f f e c t i v e .  Curves constructed from 
tubes conta ining uncoated charcoal ,  or charcoal coated w i th  e i t h e r  dextran  
T-40 or dextran T-250 were s h i f te d  to the r i g h t ,  the same adsorption  
requir ing  more charcoa l .  There is a p o s s i b i l i t y  tha t  coating with  dextran  
T-40 to some extent excluded hypoxanthine from the charcoal surface (the  
molecular sieve e f f e c t ) ,  resu l t ing  in less adsorption of  hypoxanthine a t  a 
given charcoal concentrat ion .  At concentrat ions > 2.00% uncoated charcoal ,  
and charcoal coated w i th  the various dextrans a l l  appeared to be equal ly  
e f f e c t i v e  (Figure 4 3 ) .
As charcoal adsorption can be a f fe c ted  by the prote in  concentrat ion  
of the incubate,  adsorption by both coated and uncoated charcoal  was 
fu r t h e r  investigated in the presence of  normal sheep serum and bovine serum 
a 1bumin (BSA).
5 .4 . 2  The E f fec t  of  Added Protein  (Normal Sheep Serum or Bovine Serum Albumin) 
On the Adsorption of  Hypoxanthine by Coated and Uncoated Charcoal
Curves constructed from tubes contain ing normal sheep serum d i lu te d  
1:4 were s h i f te d  to the r ig h t  (Figures 44 to 46 in c lu s iv e ) ,  the same adsorption  
requir ing  more charcoa l .  These resul ts  could be in te rpre ted  in two ways. 
F i r s t l y ,  there may be substances present in the serum which are compet it ive  
with  hypoxanthine fo r  occupation of  adsorption s i te s  of  charcoal .  Pre­
treatment with  dextrans could resu l t  in the exclusion of such substances 
( the molecular sieve e f f e c t ) ,  depending on t h e i r  s iz e ,  and the molecular  
weight of  the dextran used fo r  coat ing.  This s h i f t  to the r ig h t  was leas t  
pronounced in the case of  dextran T-40 coated charcoal (F igure 44) suggesting  
tha t  the low molecular weight dextran may p a r t i a l l y  exclude such compet it ive  
molecules.
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The adsorption curves with  dextran T-70 and dextran T-250 coated 
charcoal in the presence of normal sheep serum were almost iden t ica l  
(Figures 45 and 4 6 ) .  Therefore ,  w h i1st molecules in the serum which are  
compet it ive  wi th  hypoxanthine would appear to be p a r t i a l l y  excluded by a 
coating of  dextran T -40 ,  increasing the molecular weight of  the dextran  
above T-70 has no fu r t h e r  e f f e c t  on the adsorption curve. These 
competit ive  molecules would, th e re fo re ,  appear to be substances of  low 
molecular weight,  as the smaller  molecular weight dextrans exclude smaller  
molecules.
Coating the c h a r c o a l w i t h  a dextran of  any molecular weight had a 
marked e f f e c t  on preventing the compet it ive  e f f e c t  of  BSA. Whereas with  
uncoated charcoal a given adsorption required 4-5 times as much charcoal  
when the b u f fe r  contained BSA, compared w i th  adsorption w i thout pro te in  
in the incubate (Figure 4 7 ) ,  th is  was not the case wi th dextran coated 
charcoal .  BSA caused a s l i g h t  lowering of  the maximum adsorption a t  high 
charcoal concentrat ions,  but a t  low concentrat ions BSA produced an increase  
in the adsorption o f  hypoxanthine in the case of  T-40 and T-70 coated 
charcoal (Figures 44 and 4 5 ) .  I t  would, th e re fo re ,  appear tha t  coat ing the  
charcoal w i th  dextran prevents any compet it ive  e f f e c t  between hypoxanthine  
and BSA f o r  charcoal adsorption s i t e s .
Whi ls t  competit ion f o r  a l im i ted  number of  adsorption s i t e s  o f f e r s  
one explanation of  these re su l ts ,  a n ' a l t e r n a t i v e  explanation would be tha t  
substances present in the serum themselves adsorb hypoxanthine causing i t  
to remain in the supernatant unadsorbed by charcoa l .  BSA is known to have 
a hydrophobic region wi th  high a f f i n i t y  f o r  small hydrophobic molecules.
I f  hypoxanthine were to be adsorbed to BSA, the hypoxanthine-BSA complex 
would remain in the supernatant,  unadsorbed by charcoal ,  in the same way tha t  
antigen-antibody complexes remain unadsorbed. This would exp la in  the 
decrease in % hypoxanthine adsorbed a t  a p a r t i c u l a r  charcoal  concentrat ion  
in the presence of  BSA when using uncoated charcoal (Figure 4 7 ) ,  but th is
-  138 -
a l t e r n a t i v e  hypothesis does not o f f e r  an explanation fo r  the fa c t  that  
hypoxanthine adsorption is increased in the presence of  BSA a t  low charcoal  
concentrat ions when the charcoal  is dextran coated (Figures 44 and 4 5 ) .
Just as BSA has a high a f f i n i t y  fo r  small hydrophobic molecules,  
normal sheep serum would contain sheep serum albumin,  w i th  presumably s im i la r  
p ro p e r t ies ,  accounting fo r  the decrease in hypoxanthine adsorption by 
charcoal in the presence of normal sheep serum (Figures 44 to 46 in c lu s iv e ) .
Whatever the in t e r p r e t a t io n ,  there  is no doubt tha t  the presence of  
prote in  in the incubate markedly a f fe c ts  the charcoal adsorption of  hypox­
anth ine ,  making i t  essentia l  to e i t h e r  add the same amount o f  serum to a l l  
assay tubes, or to use a high enough concentrat ion of  charcoal f o r  the 
e f f e c t  of  v a r ia t io n  in prote in  content of  the incubate to be n e g l ig i b l e .
5 .4 .3  The E f fe c t  o f  Added Protein (Normal Sheep Serum or Bovine Serum 
Albumin) on the Adsorption of  Hypoxanthine by Uncoated Charcoal 
Using a) Barbitone Buf fer  (0.05H, pH 8 .6 )  or b) Phosphate Buf fer  
(0.05M, pH l . k )
The e f fe c ts  of  added prote in  on the charcoal adsorption of  hypoxanthine 
were markedly inf luenced by the choice of  b u f f e r .  With barbitone  b u f fe r  
(0.05M, pH 8 .6 )  sigmoid curves were obta ined.  The curve constructed from 
the tubes conta ining normal sheep serum d i lu te d  1:4 was s h i f te d  to the r ig h t ;  
the same adsorption required twice as much charcoal .  The curve constructed  
from the tubes conta ining 0.1% BSA was even more strongly  s h i f te d  to the r i g h t ,  
the same adsorption requir ing 4-5 times as much charcoal (Figure 47 )•
With phosphate b u f fe r  (0.05M, pH 7 .4 )  a sigmoid curve was only obtained  
in the presence of normal sheep serum. When the b u f fe r  contained 0.1% BSA, 
charcoal adsorption of  hypoxanthine was n e g l ig ib le .  This could e i t h e r  be 
due to hypoxanthine binding n o n -s p e c i f ic a l ly  w i th  a higher a f f i n i t y  to BSA 
than to charcoal ,  and, th e re fo re ,  remaining in the supernatant,  or to BSA 
binding to charcoal ,  and occuping the adsorption s i te s  which would otherwise  
be used in the adsorption of  hypoxanthine.
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FIGURE 48 The e f f e c t  of  added prote in  (normal sheep serum or bovine
serum albumin on the adsorption of  hypoxanthine by uncoated 
charcoal using phosphate b u f fe r  as d i l u e n t .  0 = phosphate 
bu f fe r  : X = phosphate b u f fe r  + 0.1% BSA : Q  = adsorption  
in the presence of normal sheep serum d i lu te d  1:4.
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As the presence of  added prote in  a f fec ted  the charcoal adsorption  
of  hypoxanthine, a f u r t h e r  inves t iga t ion  was c arr ie d  out,  using d i f f e r e n t  
concentrat ions of  normal sheep serum (ranging from 1:4 to 1:32768) to 
determine t h e i r  e f f e c t  on the adsorption phenomenon w h i ls t  using phosphate 
b u f f e r .
5 .4 .4  The Adsorption of  Hypoxanthine by Dextran T-70 Coated Charcoal in 
the Presence of  D i f f e r e n t  Concentrations of  Normal Sheep Serum
In the presence of varying concentrat ions of  normal sheep serum double 
d i lu te d  wi th  phosphate b u f fe r  (0.05M, pH 7 . 4 ) ,  conta in ing 0.1% BSA, adsorption  
of rad io lab e l led  hypoxanthine by dextran T-70 ooated charcoal decreased 
with  increasing serum d i l u t i o n  (Figure 4 9 ) .  In order to determine i f  these 
resu l ts  appertained to the use of th is  p a r t i c u l a r  b u f f e r ,  the e f f e c t  of  
serum concentrat ion on the charcoal adsorption o f  hypoxanthine was fu r t h e r  
investigated using other b u f f e rs .  As adsorption is a f fe c ted  by both pH and 
the ionic composition of  the incubate,  in order to d i f f e r e n t i a t e  between 
these two fac tors  two d i f f e r e n t  buf fers  of  pH 7.4  (T r is  b u f fe r  and borax/  
phosphate b u f f e r ) ,  and another phosphate b u f fe r  (Sorensen's phosphate) were 
used. Serum concentrat ion had no e f f e c t  on the charcoal adsorption of  
ra d io la b e l le d  hypoxanthine using these buffers  (Table 2 2 ) ,  so i t  would 
appear tha t the anomalous resul ts  shown in Figure 49 are due to a combination  
of  pH and ionic composition.
A possible explanat ion fo r  these resul ts  could be found by considering  
them in conjunction with  Figure 48,  where there  was n e g l ig ib le  adsorption  
of hypoxanthine when the phosphate b u f fe r  contained BSA, and increased 
adsorption in the presence of  normal sheep serum a t  charcoal concentrat ions  
< 0 . 1%.
Double d i l u t i o n  of  normal sheep serum with  b u f fe r  conta in ing BSA not 
only resul ts  in increasing d i l u t i o n  o f  the serum, but is accompanied by a 
concommitant r ise  in the amount of  BSA per tube.  Therefore,  the decrease in % 
total radioactivity adsorbed by charcoal, at high serum dilutions could be ,due to
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FIGURE kS Adsorption of  hypoxanthine by dextran T-70 coated charcoal  
in the presence of  d i f f e r e n t  concentrat ions o f  normal sheep 
serum, using phosphate b u f fe r  as d i lu e n t .
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TABLE 22
Adsorption of  Hypoxanthine by a 2.5% Suspension of  Dextran T-70 Coated 
Charcoal Us ing D i f f e r e n t  Buffers as Di 1uent
Serum d i l u t i o n
% R ad io labe l1ed
T r is  b u f fe r  
(0.05M,pH7.4)
Hypoxanthine Adsorbed
Borax/phosphate 
b u f fe r  (pH 7.*0
by Charcoal
Sorenson's
phosphate
(0.05M,pH6.0)
No added serum 97.07 98.11 97.86
1 :k 97.70 97.73 97.65
1:8 98.10 98.09 97.69
1:16 98.29 98.20 97.69
1:32 98.21 98.29 98.09
1 :6k 98.17 98.09 97.33
1:128 97.96 98.12 97.89
1 :256 97.62 98.01 97.97
1:512 97.26 97.9^ 98.15
Mean ± S.E.M. 97.82 ± 0 M 98.06 ± 0 .16 97.81 ± 0 .25
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two fa c tors  v i z .  the lower concentrat ion o f  normal sheep serum and/or  the 
higher concentrat ion of  BSA. I f  hypoxanthine were to be n o n -s p e c i f ic a l l y  
bound to BSA, the re su l t in g  complex would stay in the supernatant,  
unadsorbed by charcoal (see a lso Section 5 . 4 . 2 ) .
In a l l  subsequent invest iga t ions  barbitone bu f fe r  (0.05M, pH 8 .6 )  
was used.
5 .^ .5  D issocia t ion  Time f o r  Antiserum from S uf fo lk  Cross Sheep 1207 
(bleed 11 .8 .83 )  and Hypoxanthine In the Presence of  Dextran'
T-70 Coated Charcoal (2.5%)
When dextran T-70 coated charcoal was l e f t  in contact w i th  the  
incubate fo r  various periods o f  t ime ranging from two to s ix t y  minutes 
before c e n t r i f u g a t io n ,  i t  was found tha t  w h i ls t  the amount o f  hypoxanthine  
in the supernatant,  bound n o n -s p e c i f ic a l l y  to normal sheep serum, changed 
l i t t l e  over a s ix ty  minute period (5.64% ± 0 .6 4 ,  mean ± S.E.M. n = 7 ) ,  
the amount bound s p e c i f i c a l l y  to antibody decreased wi th  increasing contact  
time w i th  charcoal .  The level  of  binding a f t e r  ten minutes was only 63% of  
the leve l  a f t e r  two minutes (Table 2 3 ) ,  ind ica t ing  a low a v i d i t y  antiserum.
With a high a v i d i t y  antiserum there is very l i t t l e  or no d is so c ia t io n  
of  the antigen-antibody complex, and the presence o f  charcoal in the tube 
has no e f f e c t  on the amount of  ra d io la b e l le d  antigen bound to antibody.
With low a v i d i t y  ant ibodies where the degree o f  d issoc ia t ion  of  the an t igen -  
antibody complex is high,  the charcoal adsorption s i tes  may have a higher  
a f f i n i t y  fo r  the antigen than the antibody binding s i t e s .  In e f f e c t ,  the 
charcoal s t r ip s  o f f  the antigen bound to antibody,  and so d is tu rbs  the 
f i n a l  equ i l ib r iu m  between the f r e e  and antibody-bound forms.
However, there  was no fu r t h e r  decrease in the level of  binding of  
antigen to antibody a f t e r  a ten minute contact time with  charcoal ,  
ind ica t ing  that th is  would be a s u i ta b le  time period to use fo r  phase 
separation.
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TABLE 23
Dissociat ion Time f o r  Antiserum from S uf fo lk  Cross Sheep 1207 
(bleed 11 .8 .83 )  and Hypoxanthine In the Presence o f  Dextran T~70
Coated Charcoal (2.5%7
Time in contact  
with  dextran  
coated charcoal  
in minutes
( [G-3H]hypoxanth ine 
bound by normal sheep 
serum/total  rad io ­
a c t i v i t y  added) x 100
( [G-3H]hypoxanth ine 
bound by ant iserum/  
to ta l  r a d io a c t i v i t y  
added) x 100
2 6 .88 21 .09
10 5.86 13.39
20 5.67 13.39
30 5.10 13.32
bO 5.76 15.12
50 5.17 10.97
60 5.03 13.40
Values are  the mean of d u p l ica te s .
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5 .^ .6  Var ia t io n s  in Non-specif ic  Binding wi th Increasing Concentration
of Hypoxanthine, Using Dextran Coated Charcoal fo r  Phasd Separation
A f t e r  phase separation using dextran T-70 coated ch arc o a l , the amount 
of ra d io la b e l le d  hypoxanthine remaining in the supernatant was d i r e c t l y  
proport ional  to the concentrat ion of  cold hypoxanthine added (Figure 50) .  
Radiolabel led  hypoxanthine remaining in the supernatant could be e i t h e r  non- 
s p e c i f i c a l l y  bound to plasma prote ins or other  molecules in the incubate,  
or non-adsorbed due to an in s u f f ic ie n c y  of  binding s i tes  on the charcoal  
(Section 5 . 4 . 2 ) .
As i t  is necessary to keep the level  o f  non-spec i f ic  binding as low 
as possible in order to achieve a s e n s i t iv e  assay, hypoxanthine concentrat ions  
> 7  pg/ml could not be used fo r  standard curves or displacement curves,  
because of the concommitant r is e  in non-spec i f ic  b inding.  Hypoxanthine 
solutions of  7.35 n mole/ml (1 pg/ml) and 36.73 n mole/ml (5 pg/ml) were 
th e re fo re ,  used fo r  displacement curves (Figures 51 and 5 2 ) ,  and standards 
ranging from 3 * 7  -5 1  .4- n mole/ml (c-5-7 pg/ml) were used fo r  standard
curves (Figures 53 and 54) .
5 .4 . 7  Antiserum D i lu t io n  Curves and Displacement Curves
An anti  serum d i l u t i o n  curve is normally sigmoid, and is used to 
e stab l is h  the antiserum d i l u t i o n  to be used when de r iv ing  a standard curve.
I t  is usual ly  tha t  d i l u t i o n  which binds 50% o f  the maximum amount o f  label  
bound, although in some cases a more s e n s i t iv e  assay may be produced by using 
an antiserum d i l u t i o n  where only 30 -  40% of  the immunoreactive label  is 
bound in the zero standard tube.  Due to the very low t i t r e  o f  the a n t i ­
sera ,  the antiserum d i l u t i o n  curves in Figures 51 and 52 showed no l e v e l l i n g  
o f f  of  the curves a t  the highest concentrat ions of  antiserum, making these 
curves a ty p ica l  fo r  determination of  the optimum concentrat ion o f  antiserum  
to use fo r  a standard curve.  Good displacement is necessary f o r  the 
development of  a s en s i t iv e  assay, but at  hypoxanthine concentrat ions of  1 pg/ml
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and 5 Mg/ml, only a s l i g h t  amount o f  displacement occurred (Figures 51 and 
52) .  Using dextran coated charcoal fo r  phase separation,  a g re a te r  amount 
of displacement occurred a t  a 1:4 d i l u t i o n  than at  higher d i lu t i o n s  of  
antiserum (see Figure 51) so th is  was the d i l u t i o n  chosen fo r  es tab l is h in g  
a standard curve.
5 .4 .8  Standard Curves
When hypoxanthine standards ranging from 3*7  -  51-5 n mole /ml 
(0*5- 7 Mg/ml) were used, only shal low standard curves were obta ined, w i th  
l i t t l e  d i f f e re n c e  in % [G-3H]hypoxanthine bound/total  r a d i o a c t i v i t y  added, 
between the f i r s t  and la s t  standards (Figures 53 and 54) .  When the con­
c en t ra t io n  range o f  hypoxanthine standards used was extended (15.6  -  1000 
n moles/ml) and a f f i n i t y  p u r i f i e d  antiserum (Section 4.3.1p)was used, a 
s a t is fa c to r y  standard curve was obtained, a representa t ive  example o f  which 
is shown in Figure 55.  The range of standards used covered the concentrat ion  
of hypoxanthine to be expected in p r o t e in - f r e e  ex t rac ts  of  f i s h .  Other  
workers have shown tha t  p e rch lo r ic  acid ex t rac ts  of  f i s h  can be prepared 
such that  they contain 125 n mole/ml hypoxanthine,  when the f i s h  o r i g i n a l l y  
contained 5 pmole/g (Jahns e t  a l . 1976).  Accordingly ,  th is  standard curve  
was considered to be s u i ta b le  fo r  a p p l ic a t io n  to ex t rac ts  of  f i s h .
5.5  DISCUSSION
The d i f f i c u l t i e s  encountered in choosing a s u i ta b le  phase separat ion  
system and developing a standard curve fo r  hypoxanthine could be accounted 
fo r  by the high concentrat ion o f  antiserum used in the i n i t i a l  stages of  
assay development. The sheep a n t is e r a ,  which a lso contained non-IgG plasma 
prote ins ,  were used a t  an I n i t i a l -  d i l u t i o n  o f  only 1:4 (Figures 53 and 54) 
whereas i t  is not unusual fo r  the t i t r e  o f  an t ise ra  in radioimmunoassay to 
be of  the order of  1:103 or g re a te r .
-  154 -
The very high concentrat ion of antiserum used precluded the p o s s i b i l i t y  
of using the double antibody method o f  phase separation; a corresponding  
high concentrat ion o f  second antibody would be needed fo r  p r e c ip i t a t io n  of  
the f i r s t  antibody,  rendering such a method p r o h i b i t i v e l y  expensive.
The presence of large amounts of  prote in  in the incubate a lso  caused 
problems when dextran coated charcoal was used fo r  phase separation .
Charcoal adsorption is a physicochemical phenomenon which is a f fe c ted  
by various fac to rs  such as concentrat ion of  reagents,  pH ionic  strength of  
the b u f f e r ,  prote in  concentrat ion of  the incubate,  and the s iz e ,  shape and 
charge of  molecules present in the incubate.  In an immunoassay, p ro te in  
is ro u t in e ly  added to the b u f fe r  (usua l ly  e i t h e r  g e la t in  or bovine serum 
albumin) to prevent adsorption of  the f ree  antigen to the wa l ls  of  the  
tube in which the assay is performed. Such adsorption can be q u i te  high in 
the case of  small molecules such as hypoxanthine.  However, the presence of  
th is  added prote in  can a f f e c t  the charcoal adsorption of  f re e  an t igen .  Using 
a phosphate b u f fe r  (0.05M, pH 7 . 4 ) ,  both with  and without  added pro te in  
(bovine serum albumin 0.1%),  and in the presence and absence of  normal 
sheep serum, d i lu te d  1:4,  i t  was found that n e g l ig ib le  adsorption of  
hypoxanthine by charcoal occurred when BSA was present in the b u f f e r  (F igure  
48) .
Possible explanations fo r  th is  phenomenon are e i t h e r  th a t  hypoxanthine  
binds n o n -s p e c i f ic a l ly  w i th  a higher a f f i n i t y  to BSA than i t  does to  
charcoa l ,  and so remains in the supernatant,  or tha t  BSA binds so wel l  to  
the charcoal that i t  occupies a l l  the adsorption s i t e s ,  so prevent ing the  
adsorption of  hypoxanthine.  Binoux and Odell (1973) found th a t  prote ins  
are competit ive  wi th  f r e e  antigen and ant igen-antibody complexes f o r  
adsorption s i tes  of  charcoa l .  Adsorption decreased as pro te in  concentrat ion  
increased. S im i la r  to the f indings that  adsorption of  hypoxanthine was 
diminished by the add i t ion  of  BSA to the b u f f e r ,  i t  was found th a t  adsorption  
of  hypoxanthine by charcoal was less in the presence of normal sheep serum
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than in i t s  absence (Figures 44-46 in c lu s iv e ) .  This was in agreement 
with  the f indings of  Binoux and Odell (1973) who studied the adsorption of  
human thyro trop in  by charcoa l ,  both wi th  and wi thout added dog serum (10%), 
and found that in the presence of dog serum, the same adsorption required  
about ten times more charcoal .
There was a dramatic r ise  in the level of  non-spec if ic  binding wi th  
increasing concentrat ion of  cold hypoxanthine (F igure 50 ) .  The most l i k e l y  
explanation fo r  the i n a b i l i t y  o f  charcoal to adsorb high concentrat ions of  
hypoxanthine would be plasma prote in  binding of hypoxanthine,  as occurs 
in the case of  many drugs and small molecules (Aherne and Harks,  1978).
This problem could possibly have been overcome by using a la rger  volume 
of charcoal fo r  phase separation.  However, in view of the f a c t  th a t  charcoal  
appeared to s t r i p  the antigen from the antibody (Table 2 3 ) ,  th is  did not 
seem a s a t is fa c to r y  s o lu t io n .  I t  is not unusual fo r  charcoal to d is tu rb  the 
e q u i l ib r ium  between the f r e e  and bound forms o f  the antigen in the case 
of low a v i d i t y  a n t i s e r a ,  but phase separation should be achieved without  
dis turb ing  th is  primary binding reaction .
The i n a b i l i t y  of  charcoal to adsorb high concentrat ions o f  hypoxanthine  
also caused d i f f i c u l t i e s  in obta in ing a standard curve.  Cold hypoxanthine 
could not be used a t  concentrat ions > 5 pg /ml , because of the concommitant 
r ise  in the level  of  non-spec i f ic  binding a t  higher concentrat ions (F igure  
50 ) ,  but a t  th is  concentrat ion only a very s l i g h t  amount of  displacement  
occurred (Figure 52 ) .
Displacement occurs because of  the dynamic nature  o f  the antibody-  
antigen in te r a c t io n ,  and the greater  the degree of  displacement f o r  a given  
amount o f  cold antigen added,..the b e t te r  are the prospects fo r  the development 
of  a s e n s i t iv e  assay. The s l i g h t  displacement which occurred a t  a hypoxanthine  
concentrat ion o f  5 l-ig/ml would not permit the development o f  a s e n s i t iv e  
standard curve. Greater displacement could only be achieved by the use of  
higher concentrat ions of  cold hypoxanthine,  but th is  would be accompanied 
by an unacceptable r i s e  in non-spec if ic  binding i f  dextran coated charcoal
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was used f o r  phase s e p a r a t i o n .
The concentrat ions o f  hypoxanthine to be found in f i s h  samples are  
of the order of  3 pmoles/g in cod, and 5 pmole /g  in w in te r  f lounder  a f t e r  
20 days and 8 days of  c h i l l  storage respect ive ly  (Jones and Murray,  1962;
Jahns e t  a l .  1976).  I t ,  t h e re fo re ,  appeared that  in order to take advantage 
of these high concentrat ions of  hypoxanthine,  a d i f f e r e n t  phase separation  
system would have to be used. The use of  saturated ammonium sulphate was, 
th e re fo re ,  explored as the simplest a l t e r n a t i v e  phase separation technique.  
Saturated ammonium sulphate p r e c ip i ta te s  antibodies  and ant ibody-antigen  
complexes, so that  only f r e e  hypoxanthine remains in the supernatant fo r  
counting.  As there are only a l im i ted  number of  antibody molecules a v a i l a b le  
fo r  binding hypoxanthine,  w ith  increasing concentrat ion of  cold hypoxanthine 
less of  the t r i t i a t e d  hypoxanthine is bound to antibody,  and more remains 
f r e e  in the supernatant.  Therefore ,  w i th  increasing concentrat ion of  cold 
hypoxanthine,  there  is an increase in counts per minute when an a l iq u o t  of  
the supernatant is taken fo r  counting.  The advantage o f  ammonium sulphate  
over dextran coated charcoal is that i t  does not d is turb  the f i n a l  e q u i l ib r iu m  
between bound and f re e  phases. Using hypoxanthine standards covering the 
concentrat ion range 15.6 -  1000 nmol e / m l , a f f i n i t y  p u r i f i e d  antiserum and 
ammonium sulphate fo r  phase separation ,  a s en s i t ive  standard curve was 
obtained s u i ta b le  fo r  measurement of  hypoxanthine concentrat ion in perch lo r ic  
acid e x t rac ts  of  f i s h  (Figure 5 5 ) .
-  157 -
CHAPTER 6
CHAPTER 6
6 , PRELIMINARY O PTIM ISATIO N AND VALIDATION OF A RADIOIMMUNO­
ASSAY FOR HYPOXANTHINE
6.1 INTRODUCTION
In order to carry  out pre l im inary  optimisat ion  and v a l id a t io n  of  a 
radioimmunoassay fo r  hypoxanthine,  i t  was necessary to compare l iq u id  
s c i n t i 1l a n t s , because w h i ls t  the l iq u id  s c i n t i l l a n t  used i n i t i a l l y  had 
been prepared as described in Section 4 . 3 . 2 . 3 ,  during the course of  assay 
development a new l iq u id  s c i n t i l l a n t  became a v a i la b le  commercial ly (Optiphase 
Safe,  LKB), which was p re fe rab le  on grounds o f  cost .
A s u i ta b le  ex t rac t io n  procedure fo r  obta in ing hypoxanthine from samples 
also had to be inves t iga ted ,  and i ts  e f f i c i e n c y  checked by adding known 
amounts of  hypoxanthine to samples whose hypoxanthine content had already  
been determined by radioimmunoassay. On re-assay the % recovery of  the 
added materia l  was determined.
In a d d i t io n ,  the antiserum d i l u t i o n  to be used in the assay was optimised,  
as the s e n s i t i v i t y  of  an immunoassay is p a r t l y  determined by the antiserum  
concentrat ion.  S e n s i t i v i t y  in radioimmunoassay is regarded as being synonymous 
with  the detect ion l i m i t ,  which is the smallest  quant i ty  of  the substance 
being measured that can be dist inguished wi th  confidence from zero concentra­
t io n .  The most useful concentrat ion range to measure would involve being 
able to d is t ingu ish  a f i s h  stored three days in ice from one stored fo r  
four or f i v e  days. I t  is th is  range which is of  importance in producing 
frozen f i s h ,  as good q u a l i t y  frozen f i s h  that is to be kept in cold s tore  
fo r  any length o f  time can only be produced i f  the o r ig in a l  m a te r ia l  has 
been stored in ice fo r  not more than three days a f t e r  catching (Burt ,  1977),  
and i t  is p re c is e ly  th is  range which is very d i f f i c u l t  to d is t in g u is h  
o rg a n o le p t ic a l ly .
The s p e c i f i c i t y  o f  the an t isera  was determined. Loosely,  s p e c i f i c i t y  
is inversely  re la ted  to c r o s s - r e a c t i v i t y ,  and the l a t t e r  is what is a c t u a l l y
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assessed. Most an t ise ra  cross -react  to a c e r t a in  extent  w ith  molecules 
possessing a s im i la r  s t ru c tu re ,  so that  v a l id a t io n  of  an assay involves  
determination of  the extent of  th is  c r o s s - r e a c t i v i t y .  Ant isera  were 
assessed fo r  c r o s s - r e a c t i v i t y  both w i th  compounds analagous to hypoxanthine,  
and a lso with  any possible  uncharacterised c ross-react ing  substances 
present in samples (matr ix  e f f e c t ) .
The compounds used to te s t  fo r  c r o s s - r e a c t i v i t y  were decided upon by 
considerat ion of  compounds produced during the a u t o l y t i c  degradation of  ATP. 
Figure 1 shows the d i f f e r e n t  ATP degradation steps which may occur post­
mortem, and, th e re fo re ,  the compounds which are l i k e l y  to be present in 
the t issues in add i t ion  to hypoxanthine.
However, in add i t ion  to th is  degradative sequence, other minor path­
ways can occur.
Although hypoxanthine can be oxidised to xanthine,  which in turn is 
converted to u r ic  acid by the enzyme xanth ine oxidase,  xanthine and ur ic  
acid are  not usual ly  present in samples as a re s u l t  o f  a u t o l y t i c  changes.
The reason why hypoxanthine can be used as an index of  q u a l i t y  is because 
the conversion of  hypoxanthine to xanthine  is a ra te  l im i t in g  step in the 
degradative sequence, and consequently hypoxanthine accumulates with  
increased storage t ime.
However, the changes which occur i f  f i s h  is allowed to spoil  during  
storage are q u i te  d i f f e r e n t  from those which occur as a re s u l t  o f  a u to ly s is ,  
and xanthine and ur ic  acid can be found in f i s h  samples as products of  
microbial  spo i lage.  ATP is usual ly  assumed to have disappeared before  
ba c te r ia l  a c t i v i t y  has become estab l ished ,  but a t  a l a t e r  stage spoi lage  
micro-organisms a t ta ck  some o f  the chemical const i tuents  o f  the f i s h ,  and 
b a cter ia l  enzymes are responsible fo r  the breakdown of hypoxanthine to u r ic  
acid .  The detect ion  of  traces of  xanthine  during advanced spoi lage  usual ly  
indicates  that hypoxanthine has been los t  by b a c te r ia l  o x id a t io n .  Traces of  
xanthine ( < 0 . 1  p mole/g) have been detected a f t e r  fourteen days o f  c h i l l  
storage in p la ic e  and haddock, and xanthine has also been detected in lemon
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sole a t  twelve and twenty three days (Kassemsarn e t  a l . ,  1963)-
Guanine is not usual ly  present in f i s h  samples, but traces have been 
detected in haddock and lemon sole throughout c h i l l  storage,  and i t  has also  
been measured in qua nt i ty  during e a r ly  c h i l l  storage of  p la ic e  (Kassemsarn 
e t  a l . , 1963).
S ig n i f ic a n t  q u a n t i t i e s  have occasional ly  been found in cod muscle 
stored a t  0°C (Jones, I960 ; Jones and Murray, 1962),- and concentrat ions  
of 0 .88  pmole/g have been found in the muscle o f  frozen cod a f t e r  62 weeks 
a t  -14°C (Jones and Murray,  1961).
V a l id a t io n  of  a radioimmunoassay fo r  hypoxanthine,  th e re fo re ,  involved 
tes t ing  fo r  c r o s s - r e a c t i v i t y  with  adenine, adenosine, inosine,  xanthine,  
guanine and ur ic  a c id ,  any of  which may be present in f i s h  samples. Figure 
56 shows the s tructures  of  these compounds.
In a d d i t io n ,  a l lo p u r in o l  (4-hydroxyprazolo [3 ,4 -d ]  pyr imid ine) was 
included in c r o s s - r e a c t i v i t y  studies.  This compound does not occur n a t u r a l l y ,  
and would, th e re fo re ,  not be present in samples, but i t  was included out of  
in te re s t  as i t  is a hypoxanthine analogue of  importance c l i n i c a l l y  being 
widely used fo r  the treatment o f  hyperurica€mia. Administrat ion  of  a l lo p u r in o l  
blocks the conversion of  hypoxanthine and xanthine to u r ic  a c id ,  re s u l t in g  
in a f a l l  in serum ur ic  acid concentrat ion,  and a drop in the u r inary
excret ion of  u r ic  a c id .  A l l o p u r i n o l 1s in h ib i t io n  o f  xanthine oxidase occurs
through i ts  m etabo l i te ,  o x ip u r in o l ,  which forms a t i g h t l y  bound complex
with  reduced xanthine oxidase (Hande and Chabner, 1980).
Even a f t e r  tes t ing  fo r  c r o s s - r e a c t i v i t y  wi th  a l l  s im i la r  s t ructures  
commercially a v a i l a b le ,  there could e x is t  other  unknown endogenous purines  
which could c ro s s -re a c t ,  or samples could contain m ater ia l  which binds 
hypoxanthine,  thus reducing the s e n s i t i v i t y  of  the assay.  Further  v a l id a t io n  
of the radioimmunoassay fo r  hypoxanthine,  th e re fo re ,  involved te s t in g  fo r  
the e f f e c t s  of  such uncharacterised cross -react ing  substances (m atr ix  
e f f e c t ) .
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FIGURE 56 Purines and Nucleosides Analagous to Hypoxanthine 
Used to Test fo r  Cross-React iv i ty
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6 .2  MATERIALS
Adenosine,  guanine,  in os ine  and xa n th in e  were obta in ed  from A l d r i c h  
Chemical C o . L t d . ,  G i l l in g h a m ,  D orset .  Adenine,  a l l p u r i n o l ,  bovine serum 
albumin (Cohn f r a c t i o n  V ) , hypoxanthine and u r i c  ac id  were from Sigma 
Chemical Co. L t d ,  Poole ,  D orset .  A l l  o th e r  chemicals and so lv ents  were 
purchased from BDH Chemicals L td ,  E a s t l e i g h ,  Hampshire and were o f  a n a l y t i c a l  
grade .
6.3  METHODS
6.3 .1  A Comparison of  Liquid S c i n t iH a n t s  Used fo r  Measuring [G-3H] 
Hypoxanthine by Radioimmunoassay
Liquid s c i n t i l l a n t  prepared as described in Section A .3 .2 . 3  was 
compared with  a commercial ly a v a i la b le  l iq u id  s c i n t i l l a n t ,  Optiphase Safe 
(LKB), using the protocol d e ta i le d  in Table 24. The d i lu e n t  b u f fe r  used 
was barbitone b u f fe r  (0.05M, pH 8 .6 )  prepared as described in Section 4 . 3 . 2 . 1 .  
The samples used were p e rch lo r ic  acid e x t rac ts  o f  white  b a i t  prepared as 
described in Section 6.3.4-.
The antiserum used was from Suf fo lk  Cross sheep 1207 (bleed dates
14.7 .83 to 1.11.83 pooled and subsequently a f f i n i t y  p u r i f i e d )  d i lu te d  1:2 
with  barbitone b u f f e r .  The volumes o f  a l l  reagents used were twice the 
volumes normally used f o r  measurement of  [G-3H] hypoxanthine by ra d io ­
immunoassay (compare Tables 21 and 24) in order to give twice the usual 
volume of supernatant a f t e r  p r e c ip i t a t io n  of  antigen-antibody complexes 
with  ammonium sulphate.
Centr i fuga t ion  was a t  3000 rpm fo r  10 minutes in a Beckmann J6B 
re f r ig e ra te d  c en t r i fu g e .  Al iquots  of  the supernatant (250 p i ) ,  were taken 
from the same tube,  and added separate ly  to each l iq u id  s c i n t i 1lan t  (4 ml) 
in LSC M in iv ia ls  (LKB). The amount of  [G-3H] hypoxanthine in each v ia l  
was determined by l iq u id  s c i n t i l l a t i o n  counting as described in Section  
4 . 3 . 4 .  The resul ts  are  shown in Table 28.
-  162 -
TABLE 24
Protocol For Comparing Liquid S c i n t i l l a n t s  Used fo r  Measuring 
[G-3H]Hypoxanthine by Radioimmunoassay
Volume of reagents added in jjI
Reagent Total  Counts 
Tubes
Non-specif ic  
Binding Tubes
Samples Tubes
D i 1uent bu f fe r 400 200 -
Sample - - 200
Antiserum - 200 200
[G-3H]Hypoxanthine 200 200 200
Mix,  incubate f o r  5 minutes in iced water
Saturated  
ammon i urn 
sulphate
300 300 300
Mix,  leave fo r  5 min 
Add 250 pi a l iquots  
d i f f e r e n t  1iquid sci
utes in iced water  
of the supernatant  
n t i 1l a n t s . Count.
, c e n t r i f u g e ,  
to two
6 . 3 . 2  Optimisation of  Antiserum Concentration and Determination of  
Detection Limits
In order to optimise the concentrat ion of  antiserum to be used in the 
assay, standard curves were obtained using d i f f e r e n t  d i lu t io n s  of  the a n t i ­
serum. The an t ise ra  were from S uf fo lk  Cross sheep 1205 (bleeds 2 .5 .8 3  to
5 .7 .83  pooled) and 1207 (bleeds 5 .7 .8 3  to 1.11.83 pooled),  both a f f i n i t y  
p u r i f i e d  as described in Sections 4 .3 .1 0  and 4 .3 . 1 1 .  The a f f i n i t y  p u r i f i e d  
ant ise ra  were d i lu te d  1:1 and 1:2 wi th  barbi tone b u f f e r  (0.05M, pH 8 . 6 ) ,  
and the ant i  serum from Suffo lk  Cross sheep 1205 was a lso used und i lu ted .  
Hypoxanthine standards ranged from 14.3 -  918 nmole/ml (1 .95  -  125 p g /m l ) .  
Addit ions to tubes and assay condit ions were as d e ta i le d  in the protocol in 
Table 25. Centr i fuga t ion  was a t  3000 rpm f o r  10 minutes a t  4°C in a Beckmann
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J6B re f r ig e ra te d  c e n t r i fu g e  and determination of  the amount of  [G-3H]hypox- 
anthine in the supernatant was car r ied  out as described in Section 4 . 3 . 4 .
Detection l im i t s  were ca lcu la ted  at  each antiserum d i l u t i o n  in order  
to determine the optimum concentrat ion f o r  maximum s e n s i t i v i t y .  Five  
standard curves were constructed , and the binding a t  zero c a lcu la ted  fo r  
each one, in order to f ind  the standard d e v ia t io n .  The c r i t e r i o n  used fo r  
determining the lower l i m i t  of  detect ion of  hypoxanthine,  was the concentrat ion  
of ana ly te  equ iva lent  to twice the standard dev ia t ion  (n=5) of  the binding  
at  zero (Feldman and Rodbard, 1971). The resu l ts  are shown in Figures  
57 and 58 and Table 29.
TABLE 25
Protocol f o r  Optimisation of  Antiserum Concentration and Determination  
of  Percentage Cross-React iv i ty
Volume of reagents added in pi
■p
Reagent Total  Counts 
Tube
Zero Standard 
Time
Standard /cross- reactant  
Tube
D i 1uent b u f fe r 200 100 -
Standard/cross­ - - 100
reactant
Ant i serum - 100 100
[G-3H]hypoxan- 100 100 100
thine
Mix,  incubate fo r  5 minutes in iced water
Saturated 150
/
150 150
ammoniurn
sulphate
Mix,  leave fo r  5 minutes in iced water ,  c en t r i fu g e
count 250 pi supernatant
For the resu l ts  in Figures 57 and 58 hypoxanthine standards ranged from
14.3 -  918 nmole/ml (1 .95  " 125 pg/ml) .  In a 11 other  cases standards 
ranged from 15.6 -  1000 nmole/ml (2 .12  -  136 pg/ml) before a d d i t io n  to tubes.
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6 .3 .3  Cross -React iv i ty  with  Purines and Nucleosides
The procedure fo r  tes t in g  fo r  c r o s s - r e a c t i v i t y  of  the a n t is e r a ,  
with  other  purines and nucleosides analagous to hypoxanthine was ident ica l  
to tha t  used to obta in a standard curve,  except tha t  p u ta t iv e  c ross -react ing  
substances were used instead of  the standards (Table 25 ) .  I f  there is zero  
cross-react ion  the label  is always bound to the same ( i . e .  the maximum) 
degree. I f  there is c ro ss -re ac t io n ,  less label  is bound by the l im i t in g  
ant ibodies and % [G-3H] hypoxanthine bound/total  r a d io a c t i v i t y  added f a l l s .
A f f i n i t y  p u r i f i e d  an t is e ra  were used a t  a d i l u t i o n  of  1:2.  For the 
resul ts  shown in Figure 59, a hypoxanthine so lut ion of  125 pg/ml was 
double d i lu te d  to give standards ranging in concentrat ion from 1 .95“ 125 
pg/ml.  The same weights were used f o r  each of the c ross - reactan ts .
When p l o t t in g  the standard curve and c r o s s - r e a c t i v i t y  curves,  these 
weights were subsequently converted in to  n mole /ml using the fo l low ing  
values fo r  formula weights : adenine = 135.1,  guanine = 151.13,  inosine = 
268.23 ,  hypoxanthine = 136.1.  In a l l  subsequent determinat ions standards 
and cross-reactants  ranged in concentrat ion from 15.6 -  1000 nmole/ml 
before add i t ion  to tubes,  except fo r  adenine and a l l o p u r i n o l ,  which were 
used a t  up to 10 pmole/ml and 6 pmole/ml re s p e c t iv e ly ,  in order to be able  
to determine percentage c r o s s - r e a c t i v i t y .
The percentage c ross-react ion  was ca lcu la ted  as the r a t i o  x 100 of  
the weights of  antigen and c ross - re ac ta n t  required to reduce the binding  
of  radio label  led antigen present to 50% of maximum.
6 .3 . 4  Preparation of  Neutra l ised  Perch lor ic  Acid Extracts  of  Fish Muscle
A p r o t e in - f r e e  e x t r a c t  of  hypoxanthine was obtained from samples
using perch lor ic  acid as a prote in  p r e c i p i t a n t ,  by a m odi f ica t ion  of  the 
method of Jones e t  a l . ,  (1964).
P ig 's  l i v e r  and three species of  f i s h  were used in the preparat ion  
of samples. The p ig 's  l i v e r  was obtained from the local  s laughter-house
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approximately six  hours post-mortem. Cod f i l l e t s  (B i rd 's  Eye) and whole 
w h i te b a i t  were obtained frozen from the fishmonger and were of  indeterminate  
age, having been stored in a commercial f r e e z e r ,  w i th  unknown h is to ry  p r io r  
to f re e z in g .  A rainbow t ro u t  was obtained f re s h ly  k i l l e d  from the local  
f i s h  farm, so that  samples were prepared approximately one hour post-mortem,  
by d issecting  out 5 g. blocks of  muscle from the skin and bone. The p ig 's  
l i v e r ,  and whole w h i te b a i t  were l ikewise  cut into 5g samples, but w i thout  
any sample pretreatment other  than that which had been car r ie d  out  
commercial ly.  The cod f i l l e t s  were cut into 25g samples. Each sample was 
homogenised f o r  one minute in a Waring blender wi th perch lo r ic  acid (50 ml 
0.6M) .  Fol lowing homogenisat ion the e x t r a c t  was centr i fuged a t  0°C a t  
2000 rpm f o r  5 minutes in a Beckmann J6B r e f r ig e ra te d  c e n t r i fu g e  in order  
to remove the p re c ip i ta te d  pro te ins .  The supernatant,  which was the p ro te in -  
f re e  e x t r a c t  of  f i s h  muscle or l i v e r  contain ing hypoxanthine was decanted,  
and 30% w/v potassium hydroxide was added to bring the pH to 6 .5  “ 7 .0 .
Upon the add i t ion  of  potassium hydroxide potassium perchlora te  was 
p r e c ip i t a t e d .  The volume was made up to 75ml with d i s t i l l e d  water and the 
p r e c i p i t a t e  of  potassium perch lora te  was removed by c e n t r i f u g a t io n  a t  0°C 
a t  2000 rpm f o r  10 minutes. In the case of  frozen cod f i l l e t s  lg wet 
f i s h  muscle was, th e re fo re ,  equiva lent to 3 ml f i s h  e x t r a c t ;  w i th  frozen  
whole w h i te b a i t  and muscle from fresh rainbow t ro u t  lg wet f i s h  muscle 
was equiva lent to 15m1 f i s h  e x t r a c t .  Likewise lg l i v e r  was eq u iva len t  to 
15ml 1 iver  e x t r a c t .
6 . 3 . 5  Testing fo r  a Matr ix  E f fec t  w i th  Fish Ext ract Containing a High 
Concentration of  Hypoxanthine
The e f f e c t  of  uncharacterised c ross -react ing  substances (m atr ix  e f f e c t )  
was assessed by comparing standard curves,  f i r s t l y  using a pure prepara t ion  
of the s p e c i f ic  antigen to make up hypoxanthine standards in b u f f e r ,  and 
secondly,  using doubling d i lu t io n s  of  a f i s h  sample conta in ing a high level
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o f  hypoxanth ine .
A p r o t e in - f r e e  e x t r a c t  of  frozen cod f i l l e t s  was prepared as 
described in Section 6 . 3 . 4 .  The e x t ra c t  was double d i lu te d  s ix  times wi th  
barbi tone b u f fe r  (0.05M, pH 8 . 6 ) .  Hypoxanthine standards ranging from 
3 .9  -  1000 nmole/ml were prepared using the same b u f f e r .  The antiserum 
was from Suf fo lk  Cross sheep 1207 (bleeds 1 .3 .83  to 5 .7 .8 3  pooled and 
a f f i n i t y  p u r i f i e d  as described in Sections 4 .3 .1 0  and 4 . 3 . 1 1 ) .  The 
antiserum was used d i lu te d  1:2 wi th  barbi tone b u f fe r  (0.05M, pH 8 . 6 ) .  
Addit ions to tubes and assay condi t ions were as d e ta i le d  in the protocol  
in Table 26,  and the determination of  [G-3H] hypoxanthine in the supernatant  
was c ar r ie d  out as described in Section 4 . 3 . 4 .
TABLE 26
Protocol fo r  Testing fo r  a M a tr ix  E f f e c t ,  Using Fish Ext rac t  Containing  
a High Concentration of  Hypoxanthine
Volume of reagents added in pi
Reagent Total  Counts 
Tubes
Zero Standard 
Tube
Standa rd 
Curve
D i lu t io n  Curve 
with  Fish Extrac t
D i 1uent Buf fer 200 100 - -
Hypoxanth i ne 
Standard
- 100 -
Fish e x t ra c t - - - 100
Anti serum - 100 100 100
[G-3H]hypoxan-
th ine
100 100 100 100
Mix,  incubate fo r  5 minutes in iced water
Saturated  
ammon i urn 
sulphate
150 150 150 150
Mix,  leave  
centr  i fuge
fo r  5 minutes 
, count 250 pi
in iced water ,  
supernatant
The antiserum used was a f f i n i t y  p u r i f i e d  from Suf fo lk  Cross sheep 1207 
(bleeds 1 .3 .83  to 5 .7 .8 3  pooled).
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6 . 3 . 6  D e te rm in a t io n  o f  % Recovery o f  Hypoxanthine From Samples
Recovery o f  added hypoxanthine was measured by determination of  
hypoxanthine concentrat ion both in p r o t e i n - f r e e  ext rac ts  of  f i s h ,  and in 
the same samples to which a dd i t iona l  hypoxanthine had been added. The 
increase in concentrat ion was achieved by "spik ing"  a sample of  f i s h  e x t r a c t  
(100 p i )  w i th  hypoxanthine so lut ion of  the appropr iate  concentrat ion (100 p i ) .
Four p r o t e in - f r e e  ex t rac ts  of  f i s h  were taken, two obtained from the 
muscle of  fresh rainbow t r o u t ,  and two obtained from whole frozen w h i te b a i t ,  
as described in Section 6 . 3 . 4 .  The four  f i s h  ex t rac ts  were chosen so as to 
give samples conta ining high,  low and intermediate  leve ls  of  hypoxanthine,  
as previously  determined by radioimmunoassay. Hypoxanthine standards 
ranging from 15.6 -  1000 nmole/ml were prepared in barbitone b u f f e r  (0.05M,  
pH 8 . 6 ) .
Each of the hypoxanthine standards (apart  from the top standard of  
1000 nmole/ml) was used to spike the f i s h  e x t r a c ts ,  as well  as being used 
to obta in a standard curve.
The antiserum was from S uf fo lk  Cross sheep 1207 (bleeds 1 .3 .83  to
5 .7 .83  pooled) a f f i n i t y  p u r i f i e d  as described in Sections 4 .3 .1 0  and 4.3*11  
and d i lu te d  1:2 with  barbitone b u f fe r  (0.05M, pH 8 . 6 ) .  Addit ions to tubes 
and assay condit ions were as d e ta i le d  in the protocol in Table 27.
The hypoxanthine concentrat ion of  each of the spiked and unspiked 
samples was determined from the standard curve.  For each spiked sample 
there  were thus two values f o r  the concentrat ion of  hypoxanthine : a value  
determined by reference to the standard curve,  and a value c a lc u la te d  by 
adding the amount of  hypoxanthine in the unspiked sample to the amount of  
hypoxanthine used to spike the sample. The f i r s t  value was c a lcu la ted  as 
a percentage of  the second to give % recovery.  The resu l ts  are shown in 
Table 31.
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TABLE 27
Protocol fo r  Determining % Recovery of  Hypoxanthine Added
to Fish Samples
Volume o f  reagents added in pi
Reagent Total  Counts 
Tube
Zero Standard 
Tube
Standard
Curve
Samp 1es Spi ked 
Samples
Di luent b u f fe r  300 200 100 100 -
Hypoxanthine 
standa rd
- - 100 - -
Spi ke - - - - 100
Fish e x t r a c t - - - 100 100
Antiserum - 100 100 100 100
[G-3H]hypoxan 
th i ne
100 100 
Mix,  incubate fo r  5 minutes
100 1 00 
in iced water
100
Saturated  
ammon i urn 
sulphate
200 200 200 200 200
Mix,  leave 
count 350 p
fo r  5 minutes in 
1 supernatant
iced water, centr  i fug e,
The antiserum used was a f f i n i t y  p u r i f i e d  from Suffo lk  Cross sheep 1207 
(bleeds 14.7 .83 to 1.11.83 pooled).
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6 .4 .  RESULTS
6 .4 .1  A Comparison o f  Liquid S c i n t iH a n t s  Used for  Measuring [G-3H] 
Hypoxanthine by Radioimmunoassay
The counts per minute (CPM) values obtained using l iq u id  s c i n t i l l a n t
prepared as described in Section 4 . 3 . 2 . 3 .  were only 56.51% ± 1-91. mean ±
S.E.M. (n = 8) of  those obtained using Optiphase Safe (LKB), ind ica t ing  a
much higher counting e f f i c ie n c y  fo r  the commercial ly a v a i l a b le  l iq u id
s c i n t i l l a n t .  However, a f t e r  c a lc u la t in g  % f re e  [G-3H]hypoxanth ine /tota l
r a d io a c t i v i t y  added, the c o e f f i c i e n t  of  v a r ia t io n  fo r  the two sets of
data was < 8% (Table 28) .  Therefore ,  e i t h e r  l iq u id  s c i n t i l l a n t  could be
used in the assay.
6 . 4 . 2  Determination of  the Optimum Concentration of  Ant?serum 
Adjustments in the antiserum d i l u t i o n  were necessary in order to obtain
a s a t is fa c to ry  standard curve.
A s l i g h t  "Hook e f f e c t "  was observed in Figure 58 using neat a f f i n i t y  
p u r i f i e d  antiserum from S uf fo lk  Cross sheep 1205 (bleeds 1 2 .5 .8 3 ,  7 *6 .83  
and 5 .7 .8 3  pooled before a f f i n i t y  p u r i f i c a t io n )  and a lso in Figure 57 using 
a 1:1 d i l u t i o n  of  a f f i n i t y  p u r i f i e d  antiserum from Suffo lk  Cross sheep 1207 
(bleeds 14.7 .83 to 1.11.83 pooled before  a f f i n i t y  p u r i f i c a t i o n ) . This 
e f f e c t  was e l iminated  by using both an t ise ra  a t  a 1:2 d i l u t i o n .
Also a t  a 1:2 d i l u t i o n  g rea te r  s e n s i t i v i t y  was achieved than when 
the an t ise ra  were used a t  higher concentrat ion (Table 2 9 ) .  There fore ,  in 
a l l  subsequent invest iga t ions  a f f i n i t y  p u r i f i e d  an t isera  were used a t  a 
1:2 d i l u t i o n  in order to obtain a s a t is fa c to r y  standard curve.
6 .4 .3  Testing fo r  a Matr ix  E f fec t  w i th  Fish Extract
The curve obtained by d i lu t io n  of  f i s h  e x t r a c t  conta in ing a high 
concentrat ion of  hypoxanthine was superimposable with  the standard curve  
obtained using hypoxanthine solut ions of  known concentrat ion made up in 
b u f fe r .  By chance the data points on the two curves were v i r t u a l l y
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TABLE 29
D e tec t io n  L i m i t s  f o r  Hypoxanth ine ,  Using A f f i n i t y  P u r i f i e d
Ant isera From Suffo lk  Cross Sheep 1205 and 1207 At D i f f e r e n t
Anti serum D i lu t io n s
Anti serum +D i lu t io n
JL
"Detection L im i t  in 1
nmole hypoxanthine/ml  
f i s h  e x t r a c t
1205 bleeds 12.5 .83  
to 5 .7 .8 3  pooled 
before a f f i n i t y  
p u r i f i c a t io n
neat antiserum 25
As above 1:1 15
As above 1:2 10
1207 bleeds 14.7 .83  
to 1.11.83 pooled 
before a f f i n i t y  
p u r i f i c a t io n
1:1 17
As above 1 :2 12
A f f i n i t y  p u r i f i e d  a n t ise ra  were d i lu te d  wi th  barbitone b u f fe r  
(0.05M, pH 8 . 6 ) .
Detect ion l i m i t  ca lcu la ted  by f in d in g  the hypoxanthine concentrat ion  
equiva lent  to twice the standard dev ia t ion  (n = 5) of  the binding  
at  zero (Feldman and Rodbard, 1971).
1 g wet f i s h  muscle = 15 ml f i s h  e x t r a c t  (Section 6 . 3 . 4 ) .
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TABLE 30
The In h ib i t io n  of  Antiserum Binding of  [G-3H]Hypoxanth?ne 
By Hypoxanthine and S t ru c tu ra 1ly Related Compounds
Compound Amount Required fo r  
50% In h ib i t io n  
(nmole /ml)  
mean ± S.E.M.
Percentage Cross- 
React iv i  ty
Hypoxanthine 73 ± 28 (n = 8) 100
A11opur i nol 2300 ± 778 (n = 2) 3 .2
Aden i ne 5333 ± 4163 (n = 3) 1 A
Percentage c r o s s - r e a c t i v i t y  = r a t i o  o f  weight of  hypoxanthine required  
to reduce binding of  the label  a t  zero by 50% to the weight of  adenine  
or a l lo p u r in o l  which reduces binding by the same amount x 100. This 
was too small to be measured in the cases of  inosine,  guanine,  u r ic  
ac id ,  adenosine and xanth ine.
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superimposable, as well  as the curves being superimposable (Figure 66 ) .
There was, th e re fo re ,  no matr ix  e f f e c t ,  and samples could be d i lu te d  in 
b u f fe r  ra ther  than using a n t ig e n - f re e  matr ix  fo r  d i l u t i o n .
From the re s u l t s , t h e  approximate number of  days that the f i s h  had 
been held a t  c h i l l  storage temperatures p r io r  to f reez ing  could be 
c a lc u la ted .
When f i s h  is obtained a t  some distance  from the rece iv ing p la n t ,  there  
is a necessity  fo r  c h i l l i n g  or f re ez ing  on the f i s h in g  boat,  which is 
done e i t h e r  by packing in crushed ice,  or by mechanical r e f r i g e r a t i o n  in 
order to slow down au to ly s is  and microbial  growth u n t i l  the products are  
marketed as fresh f i s h  or are processed fo r  longer p reservat ion .  The frozen  
cod f i l l e t s  used to te s t  fo r  a matr ix  e f f e c t  were obtained from the local  
f ishmonger, where they were stored frozen in a commercial f r e e z e r ,  w i th  
unknown h is to ry  p r io r  to f reez ing  (Section 6 . 3 . 4 ) *  However, frozen f i s h  
can be tested to determine how fresh the f i s h  was before i t  was frozen  
(Connell and Howgate, 1968; Connell and Howgate, 1969).
From the standard curve,  the hypoxanthine concentrat ion of  the undiluted  
f i s h  e x t r a c t  was ca lcu la ted  as 250 nmole/ml (Figure 6 6 ) . As 25g cod f i l l e t s  
had been used to obta in 75 ml f i s h  e x t r a c t  (Section 6 .3 *4 )  > the concentrat ion  
of hypoxanthine in the wet f i s h  muscle was, th e re fo re ,  c a lcu la ted  as
0.75 nmole /g  assuming 100% recovery of  hypoxanthine in the e x t ra c t io n  
procedure.
This indicated that the length of  time that the cod f i l l e t s  had 
been held a t  c h i 11-storage temperatures p r io r  to f reez ing  was o f  the order  
of s ix  days (Jones e t  a l . ,  1964).
6 . 4 . 4  Recovery of  Hypoxanthine Added to P r o te in - f r e e  Extracts  of  Fish
Hypoxanthine added to p r o t e in - f r e e  ex t rac ts  of  f i s h  could be semi­
quant i t a t  ive ly  recovered (Table 31) .  For twelve "spiked samples" ,recover ies
-  184 -
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TABLE 31
Accuracy o f  the Radioimmunoassay For Q u a n t i f y i n g  Hypoxanthine In
Samples of  Fish Ext ract ; Concentration was Measured Before and 
A f t e r  Addit ion of  Hypoxanthine. Concentration of  hypoxanthine in
nmole /ml
Before Addit ion Amount Added Amount Found X Recovery
430 16 379 85
450 16 470 101
430 31 440 95
450 31 410 85
430 63 480 97
450 63 520 101
150 125 290 105
150 500 540 83
630 125 840 111
150 250 440 110
630 250 1550 176
630 500 2000 177
Mean ± S.E.M. 110 ± 32
c o e f f i c i e n t  of  v a r i a t io n 23%
-  186 -
were found to be 110 ± 32% mean ± S.E.M. (n = 12) .
The fa c to r  which most f requent ly  causes inconsistent recoveries in 
radioimmunoassay is pro te in  binding.  The a na ly te  may become bound to 
prote ins in the samples, r e su l t in g  in a reduction in percentage recovery,  
unless the a v i d i t y  of  the antiserum is s u f f i c i e n t l y  high to overcome such 
binding,  and adequate incubation time is allowed fo r  th is  to occur. However, 
in th is  p a r t i c u l a r  instance of  a radioimmunoassay fo r  hypoxanthine,  where 
a l l  prote ins had been removed by sample pretreatment wi th  p e rch lo r ic  ac id ,  
non-spec i f ic  binding of the a na ly te  to sample prote ins was not a fa c to r  
to consider.
The greates t  dev ia t ion  from 100% recovery occurred wi th  two f i s h  
samples conta ining very high leve ls  of  hypoxanthine when these were "spiked"  
with a high concentrat ion of  added hypoxanthine.
Very low and very high concentrat ions of  hypoxanthine are  the lea s t  
accurate values to determine because of the sigmoid shape of the standard 
curve.  In the case of  the las t  two samples in Table 31, the expected 
concentrat ions of  hypoxanthine a f t e r  spiking (880 and 1130 nmole/ml) would 
give points ly ing on the leas t  se n s i t iv e  part  of  the standard curve,  where 
very small changes in % [G-3H]hypoxanthine bound/total  r a d i o a c t i v i t y  added 
re s u l t  in large changes in the value of  concentrat ion o f  hypoxanthine, and 
are ,  th e re fo re ,  most prone to e r ro r  (Figure 6 7 ) .  Exclusion o f  the la s t  
two values fo r  % recovery from Table 31 gave a % recovery of  97.3 ± 10.3 
mean ± S. E.M. (n = 10) .
6 .5  DISCUSSION
6 .5 .1  S p e c i f i c i t y  of  the Ant isera
The a n t ise ra  raised to conjugates of  ovalbumin wi th  d e r iv a t iv e s  of  
hypoxanthine were tested f o r  c r o s s - r e a c t i v i t y  with c lo se ly  re la ted  compounds 
such as guanine, xanth ine,  inosine,  adenosine, u r ic  ac id ,  adenine and
-  187 -
a l lo p u r i n o l .  The an t ise ra  showed a high degree of  s p e c i f i c i t y  fo r  the 
ana ly te ,  w i th  c r o s s - r e a c t i v i t y  towards the f i r s t  f i v e  s t r u c t u r a l l y  
re la ted  compounds mentioned above being too small to be measured.
C r o s s - r e a c t iv i t y  occurred with  adenine and a l l o p u r i n o l ,  but only to 
a small extent  over the range o f  hypoxanthine concentrat ions used to obta in  
the standard curve (Figures 59 and 61 ) .  By using a concentrat ion of  
adenine ten times the top standard of  hypoxanthine used to obta in  the 
standard curve,  the c r o s s - r e a c t i v i t y  wi th  adenine could be more e a s i l y  
demonstrated (Figures 62,  63 and 64 ) .  C r o s s - re a c t iv i ty  wi th  a l lo p u r in o l  
was demonstrated using a concentrat ion of  a l lo p u r in o l  s ix  times the 
concentrat ion of  the top hypoxanthine standard (Figure 6 5 ) .  A cross­
r e a c t i v i t y  of  < 1% implies tha t  a p a r t i c u l a r  compound hardly  combines wi th  
the antibody over the range s tudied,  and would not be l i k e l y  to i n t e r f e r e  
in the assay fo r  the s p e c i f ic  antigen.  Under p ra c t ic a l  circumstances cross­
r e a c t i v i t y  wi th  adenine (1 .4%),  would not be l i k e l y  to i n t e r f e r e  in an 
immunoassay fo r  hypoxanthine,  as the concentrat ion of  adenine in f i s h  
samples has been shown to be n e g l ig ib ly  low (Jones and Murray,  I960 ;
S a i to ,  1961).
The fa c t  that only adenine and a l lo p u r in o l  showed any degree o f  cross­
r e a c t i v i t y  wi th  an t ise ra  s p e c i f ic  fo r  hypoxanthine,  is an example o f  the 
e xq u is i te  s p e c i f i c i t y  of  immunoglobulins towards purine and pyr imidine  
bases. This is in agreement with  the f ind ings  of Erlanger and Beiser (1964) 
who showed that antibodies raised against r ibonucleosides and r ibonucleo­
t ides  were high ly  s p e c i f i c ,  p r e c ip i t a t io n  only being obtained w i th  the  
homologous purine or py r im id ine -pro te in  conjugate.  They concluded tha t  the 
character  of  the s t ruc ture  of  purines and pyrimidines is such tha t  small 
d i f fe rences  can be dist inguished by the antibody-forming mechanism.
The s p e c i f i c i t y  of  antibodies  to haptens such as hypoxanthine is p a r t l y  
influenced by the choice of  a posi t ion through which to l i n k  the hapten to  
c a r r i e r  p ro te in .  I t  is g e n e r a l l y  true that ant ibodies recognise th a t  par t
-  188 -
of the hapten located fu r t h e s t  from the point of  l inkage with  the c a r r i e r  
prote in  (L andste iner , 1945).  A highly  s p e c i f ic  antiserum is ,  th e re fo re ,  
obtained by jud ic ious  choice of  the conjugation p o in t .  Three of  the 
hypoxanthine d e r iv a t iv e s  used as haptens (6 - t r ic h lo ro m e th y 1 pur ine ,  pur ine -6 -  
carboxypropanamide, and purine-6-carboxymethyl  oxime) had a l l  been 
synthesised in order to preserve the d i f fe rences  between c lo se ly  re la ted  
compounds, and so minimise c ross - reac t ions ,  by conjugating to c a r r i e r  
prote in  through po s i t io n -6  of  the purine r ing system (Figure 56 ) .  However, 
although in the m a jo r i ty  of  immunoassays i t  is des i rab le  th a t  the an t i  serum 
should not c ross -react  w i th  compounds s t r u c t u r a l l y  re la ted  to the s p e c i f i c  
antigen,  there  are instances where a r e l a t i v e l y  non-spec if ic  antiserum,  
reacting wi th  a group of compounds, can be of  more use.
In the case of  the measurement o f  f i s h  q u a l i t y ,  the accumulation of  
hypoxanthine during c h i 11-storage has been studied in over 150 species 
of f i s h ,  and can form the basis of  a te s t  fo r  freshness in approximately  
80% of them (Burt ,  1977),  but in cases where hypoxanthine is o f  l i t t l e  
value as an index of  q u a l i t y ,  inosine appears to be the major end product  
of  nucleot ide  catabolism (Creelman and Tomlinson, I9 6 0 ) .  For example, 
in the case of  species such as salmon (genus Oncorhynchus) where inosine  
is the major end product o f  ATP degradation,  the composition r a t i o  o f  each 
of IMP, inosine and hypoxanthine,  to t h e i r  to t a l  has been used to study 
the re la t io n s h ip  between the q u a l i t y  of  canned f i s h  and freshness o f  the 
materia l  used f o r  canning ( F u j i i  e t  a l 1972).  The jack  mackerel is another  
example of  an inosine accumulating species (Ehira and Uchiyama, 1972).  
Therefore,  an antiserum f o r  hypoxanthine which showed c ross -rea c t ion  wi th  
inosine would s t i l l  have been of  use in the measurement o f  f i s h  q u a l i t y .
Sometimes a phenomenon ca l led  bridge recogni t ion can occur, where 
antibodies  recognise not only the s t ruc ture  o f  the a n a ly te ,  but a lso the 
jun c t io n  wi th the c a r r i e r  prote in  in the immunogen (Nordblom, Webb, Counsell  
and England, 1981; Tiefenauer and Andres, 1984). This phenomenon appeared
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to occur wi th the anti -hypoxanth ine ant i  sera ,  as ant ibodies  were able to 
dis t ingu ish  between d i f f e r e n t  const i tuents  located a t  the 6 -p o s i t io n  in 
the purine r ing ,  even though th is  was the pos i t ion  used to e f f e c t  a l inkage  
with  c a r r i e r  p ro te in .  Thus a greater  amount of  c r o s s - r e a c t i v i t y  occurred w i th  
a l lo p u r in o l  than with adenine (Table 30 ) .  This'demonstrated the greater '  ‘ 
importance of  the 6 -p o s i t io n  as an antigenic  determinant than t h e , imidazole 
r ing ( f o r  structures  see Figure 56) .
The importance of  the 6 -p o s i t io n  o f  the purine r ing system as an 
a nt igen ic  determinant has been demonstrated by other workers.  The amino 
group has been shown to be important in binding in the case o f  ant ibodies  
to both d AMP and adenine (Humayun and Jacob, 1974 ; Drocourt and Leng, 1975).  
Humayun and Jacob (1974),  analysed the s t ru c tu ra l  fea tures  o f  deoxyadeny1 ate  
tha t  are important fo r  recognit ion by the antibody s i t e s ,  and concluded 
that  the amino function was r e l a t i v e l y  immunodominant. Antibodies were 
able to d is t in g u ish  unambiguously between the amino and keto groups located  
at the 6 -p o s i t io n .
As well  as tes t ing  fo r  c r o s s - r e a c t i v i t y  with  compounds analagous to 
hypoxanthine, v a l id a t io n  of  the assay a lso involved te s t in g  f o r  cross­
r e a c t i v i t y  wi th  uncharacterised c ross-react ing  substances present in samples 
(matr ix  e f f e c t ) ,  using a sample conta in ing  a high leve l  of  the s p e c i f ic  
antigen.  Frequently ,  where there is an observable matr ix  e f f e c t  in 
radioimmunoassay, i t  is due to prote ins present in the incubate a f f e c t i n g  
the s p e c i f i c  binding of  the analy te  by the antiserum. I f  such in te r fe ren c e  
from endogenous molecules in the samples does occur, th is  can only be 
overcome by adding the same amount of  mate r ia l  to each standard i . e .  using 
a n t ig e n - f re e  matr ix  fo r  a l l  d i lu t i o n s .  This is not a problem in the f i e l d  
of  c l i n i c a l  biochemistry,  where charcoal s tr ipped plasma is f re q u e n t ly  used
i . e .  plasma from which a l l  small molecules,  including the a n a ly te ,  have 
been removed by charcoal adsorpt ion.  However, preparat ion of  an a n t ig e n -  
f re e  matr ix  in the f i e l d  of  food analys is  is a f a r  more complex problem,  
due to the wide v a r ie t y  of  b io log ica l  m ater ia ls  in which the a n a ly te  could
be found. For example, a n t ig e n - f r e e  matr ix  prepared from p ig 's  l i v e r  would 
presumably have a very d i f f e r e n t  composition from a n t ig e n - f re e  matr ix  
prepared from the muscle of  rainbow t rou t  or w h i te b a i t .
The absence of  any matr ix  e f f e c t  in the radioimmunoassay fo r  hypox­
anthine (Figure 6 6 ) ,  was due not only to the absence of c r o s s - r e a c t i v i t y  
with s t ructures  analagous to hypoxanthine,  but was also due to the e x t rac t io n  
procedure,  which involved the removal of  a l l  prote ins by p r e c i p i t a t i o n  with  
perch lor ic  acid (Section 6 . 3 . 4 ) .  This ex t rac t io n  procedure could possibly  
f ind  wider ap p l ic a t io n  in immunoassays fo r  other small molecules,  i t s  
a p p l i c a b i l i t y  requir ing  only tha t  the analy te  in question be soluble  in 
perchlor ic  ac id .
6 . 5 . 2  Sens i t  i v i ty
The method used fo r  determining the detect ion  l i m i t  was c a lc u la t io n  
of the concentrat ion of  analy te  equiva lent to twice the standard d ev ia t ion  
(n = 5) of  the binding a t  zero (Feldman and Rodbard, 1971). Using th is  
c r i t e r i o n ,  the s e n s i t i v i t y  of  the assay was ca lcu la ted  as being g re a te r  than 
11.0 ± 1 .5  nmole/ml, mean i^SirE; M. (nn= 2) when a f f i  n i t y ? pur i f  i ed ant i sera 
were d i lu te d  1:2 wi th  barbitone b u f fe r  (0.05M, pH 8 .6 )  (Table 2 9 ) .  The 
assay was, th e re fo re ,  s e n s i t iv e  enough to a 1 low measurement of  hypoxanthine  
in a l 1 f i s h  samples.
A f t e r  8-20 days c h i l l  storage,  the normal range fo r  hypoxanthine 
concentrat ion in p r o t e in - f r e e  ex t rac ts  of  f i s h  has been v ar ious ly  est imated  
as O'.3 -  570 pmole/ml, using the method of perch lor ic  acid e x t ra c t io n :  to 
obta i n ■* these valuesofrom f is h  or i g i na 11 y contain i ng 3“5 pmole/g (Jones 
and Murray 1 9 6 2 ; Jahns- e t  a l . ,  1 3 /6 ) .  . ' 1
Wi th lesser storage time (5 days) hypoxanthine concentrat ion in 
chi 11-stored cod is of the order of  0 .35  pmole/g (Jones e t  a l . ,  ,1964) .
-  191 -
Perchlor ic  acid e x t ra c t io n  of  such samples resul ted in a hypoxanthine  
concentrat ion of  117 nmole/ml, which is wel l  w i th in  the l im i t s  of  
s e n s i t i v i t y  of  the assay.
Concentrations of  hypoxanthine measured in t ro u t  samples twenty four  
hours post-mortem were o f  the order of  267 ± 0 .0  nmole/g mean ± S.E.M.
(n = 2) (Section 7 . 4 . 3 ) ,  which a f t e r  e x t r a c t io n ,  would give a so lut ion  
of 17.8 nmole/ml concentra t ion .  The detect ion l im i t s  of  the assay were,  
th e re fo re ,  s u f f i c i e n t  to measure hypoxanthine concentrat ions in even the 
freshest of  f i s h .
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CHAPTER 7
CHAPTER 7
7 .  MEASUREMENT OF HYPOXANTHINE IN L IVER AND F ISH  SAMPLES 
AND CORRELATION OF THE RADIOIMMUNOASSAY WITH A 
SPECTROPHOTOMETRIC METHOD OF ANALYSIS
7.1 INTRODUCTION
The function o f  the analyst is to obtain a re su l t  as near to the 
true  value as possib le .  Confidence in a re s u l t  depends on knowing the 
accuracy and precis ion of  the a n a ly t ic a l  procedure employed, and a lso  being 
aware o f  sources o f  e r ro r  which may be introduced.
Since each radioimmunoassay involves the use o f  a unique b io lo g ica l  
reagent i . e .  the antiserum produced against  a given ant igen,  some form of  
in te rnal  q u a l i t y  control  is necessary in order to ensure th a t  the resul ts  
are of  maximum value ,  and that  the same sample assayed on d i f f e r e n t  occasions 
should be assigned as near as possible w i th  the same value f o r  concentrat ion  
of the ana ly te .
The accuracy o f  a determination may be defined as the concordance 
between i t  and the true  or most probable value .  Precision may be defined  
as the concordance o f  a series o f  measurements o f  the same quantity. Thus 
accuracy expresses the correctness o f  a measurement, and precis ion the 
re p r o d u c ib i l i t y  o f  a measurement. Whilst  precis ion always accompanies 
accuracy,  a high degree o f  precis ion does not necessari ly  imply accuracy.
V a l id a t io n  o f  the radioimmunoassay fo r  hypoxanthine,  t h e re fo re ,  involved  
measuring in t ra  and in ter -assay  v a r ia t io n s  in the measurement o f  standard  
curve values.  The imprecision o f  the assay, i . e .  the c o e f f i c i e n t  o f  v a r i a t io n  
of  the resu l ts  in a set  o f  re p l ic a te  measurements, was determined. For 
in te r -assay v a r ia t io n  a precis ion dose p r o f i l e  was constructed by p l o t t i n g  
the c o e f f i c i e n t  o f  v a r ia t io n  fo r  values o f  % [G-3H] hypoxanthine bound/  
to ta l  r a d io a c t i v i t y  added against l igand concentrat ion .
In a d d i t io n ,  eighteen f i s h  samples were repeatedly analysed on f i v e  
d i f f e r e n t  occasions in order to determine in te r -assay  v a r i a t i o n  in the
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measurement o f  samples.
There are two possible ways o f  determining the accuracy o f  an 
a n a ly t ic a l  method, the absolute method, and the comparative method. For 
the absolute method, synthet ic  samples containing known amounts of  the 
analy te  are used. Where i t  is impossible to prepare synthet ic  samples 
in th is  way, the comparative method is used. Samples are analysed by one 
or more supposedly "accurate" methods of  a na ly s is .  The agreement between 
two methods of  e s s e n t ia l l y  d i f f e r e n t  character can usual ly  be accepted as 
ind ica t ing  the absence o f  an appreciable  e r ro r  in e i t h e r .
Further v a l id a t io n  o f  the radioimmunoassay fo r  hypoxanthine,  th e re fo re ,  
involved f ind ing  the c o r r e la t io n  between hypoxanthine concentrat ions  
measured by radioimmunoassay and by a conventional  assay method. Current ly ,  
the most widely  used methods fo r  measuring hypoxanthine are enzymatic 
methods involving xanthine oxidase.  Neutra l ise d ,  deprote in ized ext rac ts  
are t reated w i th  the enzyme, and the increase in UV absorbance a t  290 nm, 
due to the production of  u r ic  ac id ,  is measured. Complete ox idat ion  resul ts  
in 1 mole u r ic  acid being produced from 1 mole hypoxanthine (F igure  6 8 ) .
The enzymatic method can e i t h e r  be c ar r ied  out manually,  or there  is 
an automated version using the Technicon Auto-Analyser (Jones e t  a l . ,196 5;  
Burt,  Murray and Stroud, 1968).
Various modif icat ions o f  the enzymatic method have been used. One 
such modif icat ion  involves the incorporation o f  an ox ida t io n - red u c t io n  
ind ica to r  dye (2 ,6-dichlorophenol indophenol) into the reaction mixture  
(Burt e t  a l . ,  1968).
I t  was thought tha t  th is  method might be more appropr ia te  wi th  samples 
having high u l t r a v i o l e t  absorptions due to substances other  than u r ic  ac id ,  
where the r e l a t i v e l y  small changes produced by the act ion of  xanthine  
oxidase cannot be accurate ly  measured.
Another ox idat ion- reduct ion  ind ica to r  dye which has been used to  
develop a v isual  enzyme tes t  fo r  sem i -q u a n t i ta t iv e  assessment o f  the freshness
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of f i s h  is resazurin (Jahns e t  a l . ,  1976).
However, the enzymatic method chosen fo r  comparison w i th  the rad io ­
immunoassay was the more conventional and widely  used method o f  monitoring  
ur ic  acid production spectrophotometrica l ly  a t  290 nm, c a r r ie d  out manually 
(Jones e t  a l . ,  1964).
Levels of  hypoxanthine measured in f i s h  samples ( t ro u t  and w h i te b a i t )  
were used to determine the c o r r e la t io n  wi th  the t r a d i t i o n a l  enzymatic 
method.
Whilst  the use of  hypoxanthine as an index o f  q u a l i t y  in f i s h  is wel l  
documented, comparatively l i t t l e  work has been done on the use of  hypoxanthine 
concentrat ion as an index o f  q u a l i t y  in meats, and in some cases c o n f l i c t in g  
resul ts  have been obta ined.  For example, hypoxanthine and to t a l  v o l a t i l e  
nitrogen were determined in chicken, ra b b i t ,  pork,  beef and horse meat, and 
hypoxanthine concentrat ion was found to increase with  increasing storage  
t ime, and to be c lo se ly  re la ted  to to t a l  v o l a t i 1e n i trogen concentrat ion  
(Cattaneo, Pagl iaro  and Cantoni,  1979).
In contrast to t h i s ,  o ther workers found that inosine ra ther  than 
hypoxanthine appeared to be the major end product of  ATP degradation in 
pork,  and i t s  conversion to hypoxanthine appeared to be ra ther  a slow process 
(Tsa i ,  Cassens, Briskey and Grease, 1972).  S im i la r ly  wi th  pre-cooked 
dehydrated minced meats, inosine was present in much higher concentrat ion  
than hypoxanthine (Arya,  Par ihar and Vi jayaraghavan, 1979) and a study of  
hypoxanthine concentrat ion in hams showed less increase in cured meat than 
in fresh meat (P la t z ,  Gissel and Wenzel , 1978).  No data were a v a i l a b le  
fo r  hypoxanthine concentrat ion in o f f a l .  Accordingly,  a study was under­
taken to inves t iga te  changes in hypoxanthine concentrat ion wi th  days of  
storage at  4°C in p ig 's  l i v e r .
7.2 MATERIALS
Perchlor ic  acid was obtained from A ldr ich  Chemical Co. Ltd.  Gi l l ingham,  
Dorset.  Hypoxanthine, xanthine oxidase from milk  (grade IV) and u r ic  acid
-  196 -
were purchased from Sigma Chemical Co.Ltd,  Poole, Dorset.  A l l  other  
reagents were purchased from BDH Chemicals L td . ,  E as t le igh ,  Hampshire, and 
were of  a n a ly t ic a l  grade.
7 .3 .  METHODS
7.3 .1  Preparation of  Reagents
7 .3 .1 .1  Barbitone b u f fe r  (0.05M, pH 8 .6 )  conta in ing 0.1% bovine serum 
albumin (BSA)
This b u f fe r  was prepared as described previously  in Section 4.3*2. .
7 . 3 . 1 . 2  Phosphate b u f fe r  (0.1M, pH 7 . 6 )
A solut ion o f  disodium hydrogen phosphate (14 .2  g / l i t r e ,  0.1M) was 
added to a solut ion of  sodiurn dihydrogen phosphate (12.0  g / l i t r e ,  0.1M) 
with  magnetic s t i r r i n g ,  u n t i l  a pH of  7 .6  was obtained.
7 .3 .2  U l t ra  V i o le t  Spectrophotometric Analysis
Al l  u l t r a  v i o l e t  spectrophotometric analyses were c a r r ie d  out on 
an Ultrospec 4050 LKB f ix e d  wavelength spectrophotometer, using quart  
cuvettes with  a 1cm l i g h t  path.
7 .3 .3  Preparation o f  Uric Acid Standard Curve
A solution of  u r ic  acid (168 .11pg/m1 ; Ipmole/ml) was prepared in phos­
phate b u f fe r  - ( 0 . 1M, pH 7 . 6 ) -and double d i lu te d  wi th the same b u f f e r  to give u r ic  
acid standards ranging in concentrat ion from 3 . 9~1000 nmole/ml. The 
absorbance of each so lut ion  a t  290 nm was measured, against  a phosphate 
b u f fe r  blank.  The resul ts  are shown in Figures 69 and 70.
7 .3 .4  Preparation of  the Standard Curve fo r  the Measurement of  Hypoxanthine 
by Spectrophotometry: Oxidation of  Hypoxanthine to Uric  Acid by the  
Enzyme Xanthine Oxidase
The method was adapted from that  used by Jones e t  a l . , 1964).  The enzyme
used fo r  the ox idat ion  of  hypoxanthine was xanthine oxidase from m i lk ,
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grade IV (Sigma) (88 mg pro te in /m l ;  s p e c i f i c  a c t i v i t y  0.14 un i ts /mg).
The enzyme solution was stored in concentrated form a t  4°C, and a so lut ion  
of the appropr ia te  d i l u t i o n  was f re s h ly  prepared before each assay. For 
d i l u t i o n  of  the enzyme, an a l iq u o t  of  the commercial preparat ion (250 p i )  
was made up to 50 ml w i th  phosphate b u f fe r  (0.1M, pH 7 . 6 ) ,  g iv ing  a 
so lu t ion  of  s p e c i f i c  a c t i v i t y  0 .06  u n i ts /m l .  The d i l u t e  enzyme so lution  
was kept in ice throughout the assay.
A solut ion of  hypoxanthine (125 nmole/ml) in phosphate b u f fe r  
(0.1M, pH 7 .6 )  was d i lu te d  wi th  the same b u f f e r  to give hypoxanthine  
standards ranging from 10.4 -  62.5 nmole/ml. Al iquots  of  the d i lu te d  
xanthine oxidase so lut ion  (0 .5  ml ; 0 .06 un i ts /m l )  were added to each of  
the hypoxanthine standards (2 .5  m l ) .  Incubation was fo r  t h i r t y  minutes in 
a 37°C water bath,  fol lowed by determination o f  the absorbance a t  290 nm 
against  a blank consist ing of  phosphate b u f f e r .  A l l  measurements were made 
in d u p l ic a te .
7 .3 .5  Determination of  Hypoxanthine in Neutra l ised Perch lor ic  Acid
Extracts of  Trout and Whitebai t  by Spectrophotometric Analysis
Xanthine oxidase is subject to in h ib i t io n  at  high substrate  concen­
t r a t i o n s .  Pre l iminary  experiments had indicated that  the neu tra l ise d  
perch lo r ic  acid ex t rac ts  o f  w h i te b a i t  (prepared as described in Section  
6 . 3 . 4 ) ,  contained high concentrat ions o f  hypoxanthine.  Whi teba i t  samples 
were, th e re fo re ,  d i lu te d  1:4,  1:9 and 1:19 wi th  phosphate b u f fe r  (0.1M,  
pH 7 . 6 ) .  A l l  w h i te b a i t  samples were analysed a t  the highest and lowest 
d i l u t i o n s ,  in order to obtain a t  leas t  one reading w i th in  the range en­
compassed by the standard curve (Figure 71 ) .  In a d d i t io n ,  most samples were 
also analysed using the intermediate d i l u t i o n .  Trout samples (which were 
known to contain lower leve ls  of  hypoxanthine), were used e i t h e r  und i lu ted ,  
d i lu te d  1:1 or d i lu te d  1:4 with  phosphate b u f fe r  (0.1M, pH 7 . 6 ) .
The blank in each case consisted o f  the sample a t  the appropr ia te
d i l u t i o n  incubated in the absence of  enzyme. The assay was c a r r ie d  out as
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described in Section 7 .3 -4 *  Results obtained were m u l t ip l ie d  by the 
d i l u t i o n  fa c to r  to give resul ts  in nmole/ml und i1uted e x t r a c t  (Table 38) 
or pmole/g f i s h  muscle (Figures 75 and 76) .
7 *3 .6  Time Course of  Hypoxanthine Concentration In Samples of  Rainbow
Trout,  W hiteba i t  and P ig 's  L iver  Stored a t  4°C (Short Term Storage) 
and In Samples of  Rainbow Trout Stored a t  -20°C (Long Term Storage)
5g blocks of  muscle were dissected out from f re s h ly  k i l l e d  rainbow 
t r o u t ,  approximately one hour post-mortem. L iver  from a f re s h ly  k i 1 led pig 
(obtained from the local  s laughter  house, approximately s ix  hours post-mortem) 
was l ikewise  cut into 5g samples, as were whole frozen w h i t e b a i t . Samples 
were incubated in p e t r i  dishes a t  4°C over periods o f  t ime ranging from 0-9  
days ( f i s h  samples) or 0-10 days ( l i v e r  samples). To in v es t ig a te  hypoxanthine 
concentrat ion a f t e r  prolonged storage a t  commercial f re e z e r  temperatures,  
four t ro u t  samples were stored a t  -20°C, fo r  up to nine months. Samples were 
used fo r  the preparat ion of  neu tra l ised  perch lor ic  acid ex t rac ts  as described  
in Section 6 . 3 . 4 .  Of the samples stored a t  4°C, two t r o u t ,  two w h i te b a i t  
and three l i v e r  samples were used d a i ly ;  of  the samples stored a t  -20°C,  
one sample was used a f t e r  four months, and the remaining three a f t e r  nine  
months storage.
Values fo r  the determination of  hypoxanthine by radioimmunoassay 
become inaccurate a t  concentrat ions > 125 nmoles/ml (Figure 74) .
Prel iminary experiments had indicated that  the pe rch lo r ic  acid ex t ra c ts  
of w h i te b a i t  contained high leve ls  of  hypoxanthine,  g iv ing values ly ing  on 
the least  sens i t iv e  part  o f  the radioimmunoassay standard curve (F igure 5 5 ) .  
For accurate determination of  hypoxanthine concentrat ion i t  was, th e re fo re ,  
necessary to choose appropriate  d i lu t io n s  fo r  the samples. Prote in  f re e  
ext rac ts  of  hypoxanthine from t ro u t  and l i v e r  samples were used u n d i lu te d ,  
as these were expected to contain only very low concent ra t  ions o f  hypoxanthine.  
Neutra l ised perch lor ic  acid ex t rac ts  o f  w h i te b a i t  were d i lu te d  1:4 wi th  
barbi tone bu f fe r  (0.05M, pH 8 .6 )  before a n a ly s is .  Hypoxanthine concentrat ion  
in each sample was determined by radioimmunoassay, as d e ta i le d  in the
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p ro to c o l  shown in Table  21.
7 .3 .7  V a r ia t io n  in Radioimmunoassay Standard Curve Measurement
A standard curve fo r  hypoxanthine was obtained using the protocol  
d e ta i le d  in Table 21. The anti  serum used was from Suffo lk  Cross sheep 
1207 (bleeds 1 .3 .83  to 5 .7 .8 3  pooled and subsequently a f f i n i t y  p u r i f i e d  
as described in Sections 4 .3 .1 0  and 4 .3 .1 1 )  d i lu te d  1:2 wi th  barbitone  
buf fe r  (0.05M, pH 8 . 6 ) .
In t ra  and interassay v a r ia t io n s  in measurements of  standard curve 
values were made. Seven d i f f e r e n t  hypoxanthine concentrat ions were used 
in construct ing the radioimmunoassay standard curve (Figure 55) .  For the 
in tra -assay  v a r ia t io n  s ix  re p l ic a te s  were made a t  each hypoxanthine con­
c e n t ra t io n .  [G-3H] hypoxanthine bound/total  r a d io a c t i v i t y  added x 100 was 
determined at  each of  the hypoxanthine concentrat ions.  The mean and 
c o f f i c i e n t  of  v a r i a t io n  was ca lcu la ted  at  each hypoxanthine concentrat ion  
(Table 36) .
To determine in te r -assay  v a r i a t i o n ,  the procedure fo r  obta in ing  a 
standard curve was repeated on f i v e  d i f f e r e n t  days, so tha t  f i v e  sets of  
data points were obtained fo r  the standard curve.  The c o e f f i c i e n t  of  
v a r ia t io n  was determined fo r  the f i v e  values obtained fo r  % [G-3H] hypox- 
ath ine  bound/total  r a d io a c t i v i t y  added, fo r  each o f  the data points forming 
the standard curve.  C o e f f ic ie n t  of  v a r i a t io n  was p lo t ted  against hypoxanthine 
concentrat ion ,  to give the precis ion dose p r o f i l e  shown in Figure 74.
7 .3 .8  Inter-Assay V ar ia t io n  in the Measurement o f  Hypoxanthine In Fish 
Samples by Radioimmunoassay and Spectrophotometry
The radioimmunoassay fo r  hypoxanthine was used to determine i n t e r ­
assay v a r ia t io n  in the measurement of  hypoxanthine concentrat ion in f i s h  
samples. Eighteen f i s h  samples (twelve w h i te b a i t  and s ix  t r o u t )  were 
ext racted with  perch lo r ic  ac id(as described in Section 6 . 3 . 4 ) .  A standard
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curve was derived from seven d i f f e r e n t  hypoxanthine concentrat ions,  with  
each point on the curve representing the mean of d u p l ica tes ,  as d e ta i le d  
in the protocol in Table 21.
Fish samples were tested a t  f i n a l  d i lu t io n s  of  1:19 (w h i te b a i t  samples) 
and 1:4 ( t ro u t  samples) w i th  barbitone  b u f fe r  (0.05M, pH 8 .6 )  being used
fo r  a l l  d i l u t i o n s .  A l l  measurements were made in d u p l ic a te .  The counts
per minute (CPM values) obtained were converted to [G-3H] hypoxanthine  
bound/total  r a d io a c t i v i t y  added x 100, and t h e i r  respective concentrat ion  
equivalents  were read from the standard curve.  The assay was repeated f i v e  
times on f i v e  d i f f e r e n t  days. The mean hypoxanthine concentrat ions in the 
ind iv idual  assays were then averaged, and the c o e f f i c i e n t  o f  v a r i a t io n  was 
ca lcu lated  fo r  each sample. The resu l ts  are shown in Table 37-
The same eighteen f i s h  samples were also analysed f i v e  times on f i v e  
d i f f e r e n t  days using the xanthine oxidase spectrophotometric method fo r  
determining hypoxanthine concentrat ion,  described in Sections 7.3 .4-  ar|d 7 . 3 . 5 .  
The c o e f f i c i e n t  of  v a r ia t io n  fo r  each of  the data points forming the standard 
curve was calcu lated  (Table 33) and in te r -assay v a r ia t io n  in the measurement 
of  f i s h  samples was found by c a lc u la t in g  the c o e f f i c i e n t  o f  v a r ia t io n
fo r  the f i v e  values obtained fo r  concentrat ion o f  the a na ly te  in the
indiv idual  assays. The resul ts  are shown in Table 38.
7 .3 . 9  Corre la t ion  o f  Methods: Determination of  Hypoxanthine in Neutra l ised  
Perchlor ic  Acid Extracts  of  Trout and Whitebai t  by Radioimmunoassay 
and by Spectrophotometric Analysis
Neutra l ised perch lor ic  acid ex t rac ts  of  fresh rainbow t ro u t  (33 samples) 
and frozen w h i te b a i t  (45 samples) were prepared as described previously  in 
Section 6 .3 . 4  Pre l iminary  experiments were carr ied  out in order  to determine  
the appropr iate  d i l u t i o n  to use fo r  the samples so as to ensure values ly ing  
on the more s e n s i t iv e  part  of  the radioimmunoassay standard curve,  and a lso  
w ith in  the concentrat ion range encompassed by the spectrophotometric standard 
curve.  Samples were d i lu te d  as described in Section 7 . 3 . 4  The d i lu e n t
-  201 -
buf fe r  fo r  the radioimmunoassay was barbi tone b u f fe r  (0.05M, pH 8 .6 )  and 
fo r  the xanthine oxidase spectrophotometric method of  analysis  the bu f fe r  
was phosphate b u f fe r  (0.1M, pH 7 . 6 ) .  The hypoxanthine concentrat ion of  
each sample was determined both by radioimmunoassay (as d e ta i le d  in the 
protocol in Table 21) and by spectrophotometric analysis  (as described in 
Sections 7.3*4-  ar>d 7.3.5") .
For eighteen o f  the w h i te b a i t  samples the value fo r  hypoxanthine 
concentrat ion by radioimmunoassay was the mean of  f i v e  separate determinations  
c ar r ied  out on f i v e  separate days. For a f u r t h e r  ten o f  the w h i te b a i t  
samples, the value fo r  hypoxanthine concentrat ion was the mean of three  
separate determinations,  and fo r  a f u r t h e r  nine samples, was the mean of  
two determinations .  The remaining e ig h t  w h i te b a i t  samples were each analysed 
once by radioimmunoassay. AIT measurements were made in d u p l ica te .
For the spectrophotometric method of a na lys is ,  a l l  f o r t y  f i v e  w h i te b a i t  
samples were measured a t  two d i f f e r e n t  d i lu t io n s  (1:4 and 1:19) in order  
to obtain a t  least one value in the concentrat ion range encompassed by the 
standard curve. For f i v e  of  the w h i te b a i t  samples, values obtained a t  the 
1:4 d i l u t i o n  were outside th is  range, so that  the value fo r  hypoxanthine 
concentrat ion by spectrophotometry was the re s u l t  of  a s in g le  determinat ion .  
For s ixteen samples the value was the mean of  f i v e  separate determinations  
c arr ied  out on f i v e  separate days. For one sample, the value was the mean 
of four determinations,  and fo r  another sample the mean of  three  determina­
t ions .  For the remaining twenty two samples, the value fo r  hypoxanthine 
concentrat ion was the mean o f  two determinations.  Al l  measurements were 
made in d u p l ica te .  Hypoxanthine values determined by spectrophotometry  
were p lo t ted  against  hypoxanthine values as determined by radioimmunoassay.
The resul ts  are shown in Figure 75.
In the case of  the t h i r t y  three t ro u t  samples, fo r  seven of  the samples 
hypoxanthine concentrat ions as determined by radioimmunoassay was the mean
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of f i v e  separate determinations car r ie d  out on f i v e  separate days. For 
a fu r t h e r  three samples the value was the mean of four determinations.  The 
remaining twenty three samples were determined once by radioimmunoassay.
All  measurements were made in d u p l ica te .
For the spectrophotometric method of a n a ly s is ,  seven o f  the samples 
were analysed f i v e  times on f i v e  d i f f e r e n t  days. For one of  the samples 
the value was the mean of  four separate determinat ions,  and fo r  a fu r t h e r  
two samples the mean o f  three determinations .  The hypoxanthine concentrat ion  
of each of the remaining twenty three samples was determined once by the 
enzymic method o f  a n a ly s is .  Al l  measurements were made in d u p l ic a te .  
Hypoxanthine values determined by spectrophotometry were p lo t te d  against  
hypoxanthine values as determined by radioimmunoassay. The resul ts  are 
shown in Figure 76.
7 .4  RESULTS
7.4 .1  Uric Acid Standard Curve
A standard curve was derived using u r ic  acid so lu t ions ,  in order  
to determine the concentrat ion range over which the Beer-Lambert Law was 
obeyed. The upper l i m i t  was found to be 125 nmole/ml (Figures 69 and 7 0 ) ,  
ind ica t ing  the l i m i t  fo r  the concentrat ions of  hypoxanthine which could be 
measured using xanthine oxidase.
7 .4 . 2  A Comparison of Standard Curves Obtained Using a) Uric Acid Standards 
and b) Hypoxanthine Standards A f t e r  Oxidation to Uric Acid by the 
Enzyme Xanthine Oxidase
The use of  standards does not necessi ta te  assumptions of  complete 
oxidat ion  of  hypoxanthine to u r ic  acid (Jones e t  a l . ,  1964).  E i th e r  a 
stopping solut ion could be included in the assay to prevent f u r t h e r  enzyme 
a c t i v i t y  a f t e r  the incubation period,  or samples could be read w i thout  
stopping the reac t ion ,  provided that the time taken to read a l l  samples in 
the assay was not s i g n i f i c a n t .  However, Table 32 which compares absorbance
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TABLE 32
A Comparison of Standard Curves Obtained Using a) Uric Acid 
and b) Hypoxanthine Standards a f t e r  Oxidation to Uric Acid~ 
by the Enzyme Xanthine Oxidase
Concentration of  u r ic  a c id /  
hypoxanthine standard in 
nmole/ml
Absorbance 
U r i c Ac i d
a t  290 nm 
Hypoxanthine
10.4 0 .12 0.16
15.6 0.19 0.23
20.8 0.26 0.28
25.0 0.26 0.32
31.2 0.40 0.41
41.6 0.53 0.53
62.5 0.80 0.77
125.0 1.52 1 .04
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TABLE 33
In te r -A s s a y  V a r i a t i o n  o f  Data P o in ts  Forming the Standard Curve
For the Measurement of  Hypoxanthine by Spectrophotometry: Oxidation  
to Uric Acid by the Enzyme Xanthine Oxidase
Concentration o f  Hypoxanthine 
Standard in nmole /ml
C o e f f ic ie n t  o f  V a r ia t io n  
( r \ - S )
5.0 5.89
7.8 3.28
10.0 4.32
15.6 5.91
20.0 7.63
31.3 5.62
40.0 7.65
50.0 2.98
62.5 6.97
80.0 4.97  
5.52  ± 1.65  
mean ± S.E.M.
Each value of  c o e f f i c i e n t  of  v a r ia t io n  is derived from 5 
determinations of  the standards
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values a t  290 nm using u r ic  acid standards, and hypoxanthine standards 
of the same concentrat ion ox idised to u r ic  acid by the enzyme xanthine  
oxidase,  indicated that  30 minutes a t  37°C using 0.03 units  of  xanthine  
oxidase in a to ta l  reaction volume of  3 ml (Section 7.3-4-) was s u f f i c i e n t l y  
long an incubation time f o r  complete ox idat ion  to occur,  w ith  hypoxanthine 
standards ranging from 10.4 -  62 .5  nmole/ml. This was in agreement wi th  
the f ind ings  of Jones e t  a l . ,  (1964) who used 0.032 units  of  enzyme in a 
to ta l  reaction volume of 5 m l , w i th  a 30 minute incubation period.
At a concentrat ion o f  125 nmole/ml, the absorbance a t  290 nm was 
lower wi th  the hypoxanthine standard than wi th  the u r ic  acid standard 
(Table 32 ) .  This could be due to enzyme in h ib i t io n  a t  high substrate  
concentrat ions (Burt  e t  a l . ,  1968) or to incomplete ox idat ion  because of  
too short  an incubation time a t  high substrate concentrat ions.  Reductions 
in incubation time to one minute may be made by increasing the concentrat ion  
of  the enzyme, but th is  was considered uneconomic fo r  routine  est imations  
on large numbers of  samples by Jones e t  a l . ,  (1964).
Accordingly,  when subsequently using the xanthine oxidase spectro­
photometric method fo r  determining hypoxanthine concentrat ion o f  f i s h  samples, 
standards ranging from 10.4 -  62 .5  nmole/ml were used, and f i s h  samples 
were d i lu te d  as appropr iate  (Section 7 . 3 . 4 )  in order to give values ly ing  
w ith in  th is  range.
7 .4 .3  Time Course of  Hypoxanthine Concentration in the Flesh of  Rainbow 
Trout ,  Whitebai t  and Pig 's  L iver
Hypoxanthine concentrat ion increased w i th  time in both f i s h  species  
(Figure 73) .  Hypoxanthine leve ls  in rainbow t ro u t  as measured by rad io ­
immunoassay were o f  the same order o f  magnitude as those obtained in the 
same species using reverse phase ion pa i r  HPLC (Murray,  Thomson and M c G i l l ,  
1984) and the t r a d i t i o n a l  enzymatic method o f  analysis  (Dawood, Roy and 
W il l ia m s ,  1986).  A f t e r  nine days of  storage hypoxanthine concentrat ion  had
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r isen to approximately 2 pmole/g as measured by each method.
The radioimmunoassay procedure was s en s i t iv e  enough to de tect a 
d i f fe re n ce  between hypoxanthine concentrat ion in t ro u t  one hour post-mortem 
and twenty four hours post-mortem, a f t e r  storage a t  4 ° C, the respect ive  
concentrat ions being 189 ± 16.5 nmole/g and 267 ± 0 .0  nmole/g mean ± S.E.M.  
(n = 2) re sp e c t iv e ly .
The radioimmunoassay was considerably more s en s i t iv e  than th in  layer  
chromatography, where the e a r l i e s t  that hypoxanthine could be detected  
in the muscle of  the g u l f  shrimp (Penaeus az tecus)  was a f t e r  48 hours at  
0°C when the concentrat ion had r isen to 400 nmole/g (F l i c k  and L o v e l l , . 
1972).
Major changes in hypoxanthine concentrat ion have been found to occur 
during the f i r s t  t h i r t y  minutes with  minced goat and sheep meats, using 
the technique of  ion exchange chromatography, but these changes occurred 
at  elevated temperatures during thermal processing.  The ra te  o f  change 
was maximum a t  60°C and minimum a t  100°C (Arya and Par ihar ,  1979).
The concentrat ion of  hypoxanthine in frozen w h i te b a i t  was much higher  
than fo r  t ro u t  throughout the nine days storage period at  4°C (F igure 73) .  
This was presumably because the t ro u t  was obtained from a local  f i s h  farm,  
so tha t  hypoxanthine concentrat ion measured i n i t i a l l y  (day 0) was 
approximately one hour post-mortem, whereas the w h i te b a i t  (obtained frozen  
from the local  fishmonger) was of  uncertain age, having been stored f o r  
a period o f  time in a commercial f r e e z e r ,  w ith  unknown h is to ry  p r io r  to 
f re e z in g .
Hypoxanthine concentrat ion in w h i te b a i t  increased throughout the 
f i r s t  s ix  days of  storage a t  4°C, but t h e r e a f t e r  concentrat ion began to 
f a l l .  By th is  time the f i s h  was in an advanced s ta te  o f  spoi lage as judged 
by appearance and smell ,  and i t  is known that  spoilage micro-organisms 
can cause loss of  hypoxanthine by ox id is ing  i t  to ur ic  acid (Kassemsarm e t  
a l . ,  1963).  In the case of  w in te r  f lounder  stored in ice ,  hypoxanthine
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concentrat ion decreased a f t e r  ten days (Jahns e t  a l . ,  1976) and with  cod 
muscle, net loss of  hypoxanthine was observed a f t e r  15—16 days, when the 
f i s h  had become inedib le  (Jones and Murray,  1962).
Figure 73 shows a general increase in standard devia t ions f o r  dup l ica te  
samples f o r  longer stored f i s h ,  ind ica t ing  v a r ia t io n s  in the ra te  of  
spoilage of  indiv idual  f i s h  por t ions .
Hypoxanthine concentrat ion in p ig 's  l i v e r ,  s ix  hours post-mortem was 
higher than in t r o u t ,  1 hour post-mortem, the respective  concentrat ions in 
nmole/ml being 34.5  ± 2 .2  mean ± S.E.M. (n = 3) and 12.6 ± 1.1 mean ± S.E.M.  
(n = 2 ) .  Hypoxanthine concentrat ion in l i v e r  changed very l i t t l e  over a 
ten day storage period a t  4°C, but concentrat ion tended to decrease with  
t im e . (F ig u re  72) .  This could be due to endogenous xanthine oxidase ox id is ing  
hypoxanthine to u r ic  ac id .  Commercial preparat ions of  xanthine oxidase  
are obtained from bovine m i lk ,  which is a convenient source fo r  i s o la t in g  
the enzyme, but xanthine oxidases are widely  d is t r ib u te d  in other animal 
t is sues ,  p a r t i c u l a r l y  the l i v e r .
Therefore,  w h i ls t  hypoxanthine leve ls  increase wi th  time in rainbow 
t ro u t  and w h i te b a i t ,  and i ts  concentrat ion can be used as an index of  
quali  ty ,  th is  is not the case wi th 1i ver samples.
7 .4 .4  Hypoxanthine Concentration in Fish Samples Stored a t  -20°C For 
An Extended Period of  Time
I t  has been stated that the enzymes concerned in the a u t o l y t i c  
changes post-mortem, which re su l t  in the accumulation of  hypoxanthine,  
s t i l l  re ta in  a measure o f  t h e i r  a c t i v i t i e s  even a t  sub-zero temperatures,  
so that i t  is possible that increases in hypoxanthine concentrat ion may. 
occur in the frozen s ta te ,  p a r t i c u l a r l y  i f  the f i s h  has been held i n i t i a l l y  
fo r  a r e l a t i v e l y  long t ime, at  a r e l a t i v e l y  high storage temperature  
(Jones, 1963).  The rates of  some a u t o l y t i c  reactions are measurable even a t  
-30°C (Burt ,  1977).
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TABLE 34
Hypoxanthine Concentration in Trout Samples Stored a t  -20°C For 
an Extended Period of  Time
Storage t ime in months Hypoxanthine concentrat ion
in nmole/g f i s h  muscle
0 188.99 ± l 6 . 5 0 ( n ~ 2 )
4 < 149.99
9 220.49 ± 64.50 (n = 3)
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However, there was no increase in the concentrat ion of  hypoxanthine 
in samples of  t ro u t  stored a t  -20°C f o r  a period of  nine months (Table 34) 
ind ica t ing  th a t  hypoxanthine leve ls  in th is  p a r t i c u l a r  species,  do not r ise  
during prolonged periods of  storage at  commercial f re e ze r  temperatures.
This was in agrement w i th  the f indings o f  Lee and Webster (1 963 ) ,  who found 
no increase in hypoxanthine concentrat ion during frozen storage of  beef 
t is s u e .
7 .4 .5  Determination o f  Hypoxanthine in Neutra l ised Perchlor ic  Acid 
Extracts of  W hiteba i t  by Spectrophotometric Analys is ,  At Two 
D i f f e r e n t  Sample P i lu t io n s
I d e a l l y ,  a standard curve should encompass the range o f  values of  
the analy te  l i k e l y  to be found in samples, so that no adjustment of  sample 
concentrat ion is necessary p r io r  to a n a ly s is .  However, the concentrat+on  
range over which a l in e a r  re la t io n s h ip  was observed between hypoxanthine 
concentrat ion and absorbance a t  290 nm had an upper l i m i t  of  62 .5  nmole/ml 
(Figure 71 ) ,  which proved to be considerably lower than the concentrat ion  
of hypoxanthine in neutra l ised  p e rch lo r ic  acid ex t rac ts  of  f i s h ,  prepared 
as described in Section 6 . 3 . 4 .
The e x t rac t io n  method was an adaptat ion o f  that used by Jones e t  a l .  
(1964) where muscle from the a n te r io -dorsa l  por t ion o f  cod f i l l e t s  (25g) 
was homogenised with  perch lo r ic  acid (50 ml, 0 .6M) .  Trout ,  w h i te b a i t  and 
l i v e r  samples were prepared using the same volume of pe rch lo r ic  a c id ,  but 
a smaller  weight o f  sample (5g) in order to give more d i l u t e  ex t ra c ts  of  
hypoxanthine.  However, the concentrat ion o f  the analy te  was s t i l l  too high 
fo r  values to be read d i r e c t l y  from the standard curve without sample d i l u t i o n .  
As hypoxanthine concentrat ion in f i s h  samples can reach 125 pg/ml (918 nmole /  
ml) (Jahns e t  a l . ,  1976), th is  meant tha t  d i l u t i o n  of  f i s h  samples p r io r  to 
a n a ly s is ,  although undesirable,  proved to be in e v i ta b le .  Hypoxanthine leve ls  
were measured in neutra l ised  perch lo r ic  acid ex t rac ts  of  w h i te b a i t  a t  two 
d i lu t io n s  of  each sample, using phosphate b u f fe r  (0.1M, pH 7 .2 )  as the
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d i lu e n t .  The c o e f f i c i e n t  of  v a r ia t io n  fo r  hypoxanthine determination at  
the two d i lu t io n s  was of the order of  4.44  ± 4 .17  mean ± S.E.M. (n = 13) 
(Table 3 5 ) .  A reasonable degree of  accuracy could,  th e re fo re ,  be obta ined,  
thus j u s t i f y i n g  the p ra c t ic e  of  d i l u t i n g  f i s h  e x t ra c t  samples p r io r  to  
ana 1ys i s .
7 .4 .6  Precision Dose P r o f i l e
The c o e f f i c i e n t  o f  v a r ia t io n  was ca lcu la ted  fo r  f i v e  values obtained  
on f i v e  d i f f e r e n t  days fo r  [ G-3H] hypoxanthine bound/total  r a d io a c t i v i t y  
added x 100, fo r  each of the data points forming the radioimmunoassay 
standard curve.  At hypoxanthine concentrat ions not g reater  than 125 nmole/ml 
th is  was 5.90 ± 1.49 mean ± S.E.M. (n = 5) which compared wel l  w i th  the 
same data determined fo r  the standard curve fo r  measuring hypoxanthine by 
spectrophotometry,  5.52 ± 1 .65 mean ± S.E.M. (n = 10) (Table 3 3 ) .  However, 
at  hypoxanthine concentrat ions > 125 nmole/ml, there was a general  increase
in c o e f f i c i e n t s  of  v a r ia t io n  fo r  the data points of  the standard curve,
ind ica t ing  less accuracy at  higher concentrat ions of hypoxanthine.  This 
inaccuracy is inherent in the nature o f  the radioimmunoassay standard curve,  
which is not l i n e a r .  The sigmoidal shape of  the curve (Figure 55 ) ,  means 
that  very small d i f fe rences  in the value of  [G-3H] hypoxanthine bound/  
to ta l  r a d io a c t i v i t y  added x 100 (y a x i s ) ,  re su l t  in very large d i f fe ren ces  
fo r  analy te  concentrat ion (x axis )  being read from the standard curve a t  
high analy te  concentrat ions.  Therefore,  in a l l  subsequent determinations  
of hypoxanthine by radioimmunoassay, samples were s u i ta b ly  d i lu te d  in order
to give values fo r  analy te  concentrat ion lying on the more s e n s i t iv e  par t
of  the standard curve.
7 .4 *7  Inter-Assay V a r ia t io n
Inter -assay v a r ia t io n  in the measurement o f  hypoxanthine in n e u tra l is e d  
perch lo r ic  acid ex t rac ts  of  f i s h  muscle as determined by radioimmunoassay was 
of  the order of  11.83 ± 4.36  mean ± S.E.M. (n = 1 8 )  (Table 3 7 ) .  This was
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comparable wi th  the in ter -assay  v a r ia t io n  of  hypoxanthine measurement by 
spectrophotometry,  12.44 ± 3 .9 1 ,  mean ± S.E.M. (n = 18) (Table 38 ) .
However, in both methods v a r ia t io n  in the samples was much la rg e r  than 
in ter -assay  v a r ia t io n  in the measurement o f  standards (Table 37 and Figure  
74) .  Frequently in radioimmunoassay, in ter -assay  v a r ia t io n  fo r  the 
measurement of  the ana ly te  is < 10% (Aherne, P i a l l  and Marks, 1977).
As a l l  prote ins in the samples had been removed by sample pre - t reatment  
with  p e rch lo r ic  ac id ,  non-spec i f ic  prote in  binding of the analy te  could 
not be used as an explanat ion fo r  in ter -assay  v a r ia t io n  in the measurement 
of hypoxanthine in samples.
One fa c to r  which can cause large c o e f f i c i e n t s  of  v a r ia t io n  in the 
measurement of  an analy te  in c e r ta in  samples, is e r ro r  due to counting  
small amounts of  r a d i o a c t i v i t y .  Errors due to counting are minimised by 
adding a t  least 10,000 counts to the assay tubes (Aherne and Marks, 1978).
In the radioimmunoassay fo r  hypoxanthine where antigen-antibody complexes 
are p re c ip i ta te d  by ammonium sulphate and an a l iq u o t  of  the supernatant  
contain ing f r e e  antigen is taken fo r  counting,  the number of  counts in the 
supernatant is d i r e c t l y  proport ional  to the concentrat ion o f  hypoxanthine  
in the sample. At high concentrat ions of  cold hypoxanthine,competit ion  
fo r  the l im i ted  number of  antibody combining s i te s  means that l i t t l e  of  
the rad io la b e l le d  hypoxanthine is bound, and more remains in the super­
natant fo r  counting ; as the concentrat ion of  cold hypoxanthine f a l l s ,  less 
ra d io la b e l le d  hypoxanthine remains in the supernatant,  which increases the 
p o s s i b i l i t y  o f  e r rors  in the determination of  the amount o f  r a d i o a c t i v i t y .  
However, the values fo r  c o e f f i c i e n t  of  v a r ia t io n  in the measurement of  
samples contain ing low concentrations of  hypoxanthine were no higher than 
in the measurement of  other samples (Table 37) and a considerat ion of  the 
precision dose p r o f i l e  fo r  the standard curve by radioimmunoassay (F igure  
74) did not show the measurement o f  very low concentrat ions of  hypoxanthine
-  218 -
TABLE 35
Hypoxanthine Concentration in Neutra l ised Perchlor ic  Acid Extracts  o f  
Whitebai t  (Thir teen Samples) : Values Determined By Spectrophotometry, 
Each Sample Being Measured a t  Two D i f f e r e n t  D i lu t ions
+ Hypoxanthine concentrat ion in nmole /ml undiluted e x t rac t
Fish Ext ract  
*d i 1uted 1:A
Fish Extract  
*d i lu t e d  1:19
Mean
±S.E.M.
C oef f ic  ient  
of  V a r ia t io n
255 259 257 ± 2.83 1.0
385 368 OO "■J 1+ 12.03 3.19
210 238 224 ± 19.79 8.83
295 335 315 ± 28.28 8.98
261 324 293 ± 44.55 15.20
280 284 282 ± 2.83 1.00
315 345 330 ± 21.21 6.43
230 246 238 ± 11.31 4.75
270 261 266 ± 6 .36 2.39
325 335 330 ± 7.07 2.14
345 333 339 ± 8.48 2.50
325 318 322 ± 4.95 1.54
325 333 329 ± 5.66 1.72
4 .44  ± 4 .17
Mean ± SEM
Neutra l ised perch lor ic  acid ex t rac ts  o f  w h i te b a i t  were d i lu te d  w i th  
phosphate b u f fe r  (0.1M, pH 7 . 6 ) .
+
The o r ig in a l  values fo r  hypoxanthine concentrat ion as read from the 
standard curve were m u l t ip l ie d  by the appropr iate  d i l u t i o n  f a c t o r  to  
give hypoxanthine concentrat ion in nmole /ml undiluted e x t r a c t .
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(15 .6  nmole/ml) to be any less accurate than measurements of  higher  
concentrat ions (up to 125 nmole/ml).
The most important fa c to r  to consider in the v a r ia t io n  of  samples 
determined on d i f f e r e n t  occasions may be the s u s c e p t i b i l i t y  o f  hypoxanthine 
to b a c te r ia l  decomposition.  As in te r -assay v a r ia t io n  was assessed by 
carry ing  out f i v e  separate analyses on f i v e  consecutive days, there  was 
not a long period of  time in between the f i r s t  and la s t  a n a ly s is ,  so that  
samples were stored overnight a t  4°C in between each dete rmination .
Warthesen e t  a l . f (1980),  using high pressure l iq u id  chromatography ( HPLC) 
fo r  hypoxanthine measurement, did not not ice  any change in concentrat ion  
when ext rac ts  were held a t  r e f r i g e r a t o r  temperatures (5°C) f o r  up to two 
weeks, but other workers have stored neutra l ised  p erch lo r ic  acid e x t rac ts  
at -30°C when samples had to await  analys is  (Jones e t  a l . ,  1964). Samples 
stored frozen in between each analys is  could possibly show less i n t e r ­
assay v a r ia t io n  in the measurement of  hypoxanthine concentrat ion.
7 .4 . 8  Hypoxanthine Concentrations in Neutra l ised Perch lor ic  Acid 
Extracts of  Fish Muscle: Comparison of  Results Obtained by 
Radioimmunoassay and by Spectrophotometr?c Analysis
The accuracy of  the radioimmunoassay procedure was checked by 
determining the hypoxanthine concentrat ions of  f o r t y  f i v e  w h i te b a i t  samples 
and t h i r t y  three t ro u t  samples of  various degrees of  freshness,  using the 
radioimmunoassay, and a lso  the manual enzymatic assay of  Jones e t  a l . r
(1964) .  The values fo r  hypoxanthine concentrat ion as determined by rad io ­
immunoassay were p lo t ted  against those determined by the spectrophotometric  
method, and the l in e  of  best f i t  was computed.
With standard 1east-squares regression a n a lys is ,  the value o f  the 
slope and in tercept  depends heavi ly  on the choice as to which v a r ia b le  is 
treated as independent, as the method t re a ts  the data as i f  a l l  e r ro rs  are  
in the y v a r ia b le ,  and no errors  are present in the x v a r ia b le .  However, when 
x and y values represent two d i f f e r e n t  experimental  methods f o r  determining
-  223 -
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the same q u a n t i ty ,  e r rors  e x is t  in both methods, although the exact value  
of these errors  is unknown. Under th is  cond i t ion ,  standard 1east-squares  
regression analys is  under est imates the value o f  the slope.  Therefore,  
the computation used to e s tab l ish  a l in e a r  r e la t io n  fo r  values of  hypoxanthine 
concentrat ion as determined by both methods, was that  of  Brace (1377),  
where the slope found by the conventional  least  squares regression analysis  
(with x the independent v a r ia b le )  is div ided by the absolute value o f  the 
c o r r e la t io n  c o e f f i c i e n t .  The in te rcep t  is then found from b = y -  ax.
The c o e f f i c i e n t  o f  c o r r e la t io n  between the two sets of  data was computed 
and found to be 0.84507 (n = 45) (Figure 75 ) ,  and 0.93298 (n = 33) (Figure  
7 6 ) ,  whichtfrfc highly s i g n i f i c a n t .
The indiv idual  residuals  of  y,  6y, are a measure of  the extent  to 
which the experimental  values devia te  from the best f i t .  Sy = y -a -b x ,  where 
a and b are the l in e a r  1east-squares f i t  parameters.  I f  the various  
assumptions of  the l i n e a r  regression model are s a t i s f i e d ,  a p lo t  o f  res idua ls ,  
e = y - y 1, aga inst each o f  the x v ar iab les  should show no d is c e r n ib le  trends  
or pa t te rns ,  as was shown to be the case in Figure 77 and 78.
7.5  DISCUSSION
Whi ls t  hypoxanthine leve ls  increased wi th  time in both rainbow t ro u t  
and w h i te b a i t  (Figure 73) so tha t  i ts  concentrat ion could be used as an 
index of  q u a l i t y ,  th is  was not the case w i th  l i v e r  samples (F igure 72) .
The small amount of  work which has been car r ie d  out in v e s t ig a t in g  
changes in f r e e  nuc leot ides ,  nucleosides and bases in meats indicates  tha t  
w h i ls t  i t  may be possible to use hypoxanthine concentrat ion as an index of  
q u a l i t y  in c e r ta in  instances,  these are not widespread. Howard, Lee and 
Webster ( i960) found that hypoxanthine leve ls  in beef rose to 1 .5” 2.0  
pmole/g wi th progressive ageing,  which is considerably lower than the 
r e je c t io n  l im i t s  of  4 -8  pmole/g and 5 pmole/g set fo r  shrimp and w in te r  
f lounder re sp e c t ive ly ,  (F l i c k  and L o v e l l ,  1972 ; Jahns e t  a l . ,  1976),  Rhodes
-  228 -
(1965),  by using rad ia t io n  to e l im in a te  in te r fe rence  from b a c te r ia l  growth,  
was able to show that  previous workers wi th  meat had d e a l t  only wi th  the 
ear ly  stages of  a u to ly s is .  However, hypoxanthine concentrat ion in beef 
only rose to the level of  5 pmole/g a f t e r  approximately 40 days storage a t  
2°C. I t  was concluded that the ra te  o f  a u to lys is  of  nucleotides in f i s h  is 
very much more rapid than that  in beef,  and even more so than that in lamb.
Furthermore,  whereas with  f i s h  some workers have found a c o r re la t io n  
between the conversion of  inosine monophosphate to hypoxanthine and f la v o u r  
(Burt e t  a l . r 1976),  the disappearance of  inosine monophosphate did not 
c o r r e la te  with  changes in organolept ic  a c c e p t a b i l i t y  of  beef and lamb 
(Rhodes, 1965).  This was in contrast to the f indings of Howard e t  a l . ,  
( I 9 6 0 ) ,  where increase in hypoxanthine concentrat ion p a r a l le le d  organolept ic  
changes during the r ipening of  beef .
With hare meat, w h i ls t  a l in e a r  correspondence existed between hypoxan­
th ine concentrat ion,  and time and temperature o f  storage,  i t  was concluded 
that  these parameters could not be used as an index of  q u a l i t y  (G isse l ,  
Bergforth and Wenzel, 1978).
Whilst  major changes in the concentrat ion o f  hypoxanthine,  inosine  
and inos in ic  acid occurred during thermal processing of goat and sheep meats,  
r e l a t i v e l y  la rger  q u a n t i t i e s  of  inosine ra ther  than hypoxanthine were formed,  
ind ica t ing  that  phosphomonoesterase a c t i v i t y  was predominant and
r e l a t i v e l y  more heat s tab le  than r ibosidehydrolase a c t i v i t y  (Arya and 
Par ihar ,  1979).  Elevated temperatures also st imulated hypoxanthine 
production in beef ,  as did a higher u l t im a te  pH (Lee and Webster,  1963).
Therefore,  w h i ls t  hypoxanthine can be used as an index of  q u a l i t y  in a 
wide v a r ie ty  of  d i f f e r e n t  species of  f i s h ,  i ts  use as an index of  q u a l i t y  in 
meats is f a r  more l im i te d .
A f u r t h e r  l i m i t a t io n  on the use of  hypoxanthine as an index o f  q u a l i t y  
in meat could be imposed by the fa c t  tha t  the e x t rac t iv e s  which contain
-  229 -
hypoxanthine are  always present in greater  amount in f i s h  than in mammalian 
muscle. For example, on the average newly caught cod contains about 81% 
water ,  15% p ro te in ,  1.5% e x t ra c t iv e s  and 0.2% f a t .  The e x t ra c t iv e s  
comprise a heterogenous mixture o f  nitrogenous bases, f r e e  amino acids ,  
simple pept ides,  purines and purine d e r iv a t i v e s ,  and carbohydrates such 
as glycogen and glucose, the to t a l  amount remaining f a i r l y  constant,  although  
ind iv idual  const i tuents  are subject  to considerable f lu c t u a t io n s .  The 
concentrat ion of  the e x t ra c t iv e s  in te leos ts  (e .g .  cod) is approximately  
14 mg/g, in selachians (e .g .  skate)  30 mg/g and in marine inver tebrates  
such as crustacea (e .g .  lobster)  can be as high as 35 mg/g, whereas in 
mammalian muscle the concentrat ion o f  the e x t rac t iv es  is only about Smg/g 
(Shewan and Jones, 1957).
The radioimmunoassay fo r  hypoxanthine had several  advantages over the 
conventional  enzymatic method. F i r s t l y ,  the radioimmunoassay is highly  
s p e c i f i c  f o r  hypoxanthine (Section 6 . 5 ) ,  whereas xanthine oxidase is an 
enzyme of  broad s p e c i f i c i t y .  Formaldehyde and acetaldehyde are known 
substrates of  the enzyme, and components of  f i s h  muscle, (Ota,  1958;
Amano, Yamada and Bi to ,  1963; Amano and Yamada, 1964; Greenlee and Handler,  
1964),  although t h e i r  ox idat ion  would not lead to increase in o p t ica l  
density a t  290 nm, the wavelength used to monitor u r ic  acid production from 
hypoxanthine.  However, xanth ine,  i f  present,  would be oxidised to u r ic  
acid and estimated as hypoxanthine. Kassemsarn e t  a l . f (1963),  detected  
traces of  xanthine (< 0.1 pmole/g) a f t e r  14 days of  c h i l l  storage in 
p la ic e  and haddock, and xanthine was a lso detectab le  in lemon sole a t  12 
and 23 days. The absence of xanthine from samples, th e re fo re ,  needs to be 
estab l ished before estimates can be accepted as those o f  hypoxanthine alone,  
when using the enzymatic method, whereas no c r o s s - r e a c t i v i t y  w i th  xanthine  
occurred with  the radioimmunoassay.
Another possible source of  e r r o r  can occur wi th  the enzymatic method 
i f  there is too great a contamination of  xanthine oxidase by o ther  enzymes,
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which may lead to est imat ion of  inosine and other  nucleot ide d e r iv a t iv e s  
as hypoxanthine (Jones e t  a l . ,  1964).
Again with  the radioimmunoassay there was no c r o s s - r e a c t i v i t y  with  
inosine,  nor wi th  the other nucleot ide  d e r iv a t iv e s  tested (Section 6 . 5 ) .
A f u r t h e r  l i m i t a t io n  of  the enzymatic method is that separate blank  
determinations have to be c arr ied  out on each e x t ra c t  in order to compensate 
fo r  varying background absorptions in ex t rac ts  o f  f i s h  muscle a t  the monitoring  
wavelength.  With samples which have very high background u l t r a v i o l e t  
absorpt ion,  the r e l a t i v e l y  small changes produced by the act ion of  xanthine  
oxidase cannot be accura te ly  measured. Extracts o f  Crustacea,  fo r  example, 
have high UV absorptions due to the presence o f  homarine a t  high and varying  
levels  o f  concentrat ion.  (Burt e t  a l . ,  1968).
However, the most serious drawback of the enzymatic method is th a t  
xanthine oxidase e x h ib i ts  enzyme in h ib i t io n  a t  high substrate concentrat ions.  
Burt e t  a l . ,  (1968) obtained maximum responses with  hypoxanthine standards 
of about 125 pg /ml . Higher leve ls  gave d e f le c t io n s  th a t ,  wi th increasing  
concentrat ion,  decreased to the point  tha t  500 ug/ml gave the same response 
as 100 | jg/ml. Although with the radioimmunoassay hypoxanthine determinat ions  
become less accurate a t  concentrat ions > 125 nmole/ml (Figure 7 4 ) ,  th is  
method does not have the serious drawback of g iv ing low readings fo r  
hypoxanthine concentrat ion when in r e a l i t y ,  concentrat ion is high,  as can 
happen with  the spectrophotometric method. In s i tu a t io n s  where precise  
determination o f  concentrat ion is unnecessary, and a l l  that  is needed is 
to decide a s u i tab le  cut o f f  po int  above which hypoxanthine concentrat ion  
is unacceptably high,  radioimmunoassay would, th e re fo re ,  be the method of  
choice.
A fu r t h e r  advantage of  radioimmunoassay is tha t  the range of concen­
t ra t io n s  of  the analy te  encompassed by the standard curve is f a r  g re a te r  
fo r  radioimmunoassay than fo r  the spectrophotometric method o f  analys is  
(10 -  1000 nmole/ml radioimmunoassay; 0-60 nmole/ml spectrophotometric method),  
(Figures 55 and 71) .  At hypoxanthine concentrat ions < 62.5  nmole/ml both
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methods were comparable as regards accuracy,  as expressed by the c o e f f i c i e n t  
of v a r i a t io n  fo r  the data points forming the standard curve (Table 33 and 
Figure 74) .
At present the most unsat is fac tory  and cumbersome aspect o f  the 
radioimmunoassay developed fo r  hypoxanthine is the need to choose an 
appropr iate  d i l u t i o n  fo r  each sample (Section 7 . 3 . 5 ) ,  in order to ensure 
a value lying on the more s en s i t iv e  part  o f  the standard curve i . e .  making 
the samples f i t  the standard curve,  ra ther  than the standard curve f i t  the 
samples. Accurate values fo r  hypoxanthine concentrat ion were necessary 
in order to obta in a good c o r re la t io n  between the two methods, radioimmuno­
assay and spectrophotometric a n a ly s is ,  and thus v a l id a t e  the method being 
developed. In a p ra c t ic a l  s i t u a t io n  not so much emphasis would be placed 
on precise determination of  hypoxanthine concentrat ion.  In a s i t u a t io n  
where what is needed is a cut o f f  po int  fo r  hypoxanthine concentrat ion above 
and below which samples would be re jected or accepted,  the radioimmunoassay 
could be used wi thout any d i l u t i o n  of  samples p r io r  to a na lys is ,  provided 
that  the cut o f f  point  i t s e l f  was on the accurate  par t  o f  the immunoassay 
c a l i  brat  ion.
Rejection l im i t s  o f  1.7 pmole/g have been suggested f o r  rainbow t ro u t  
(Murray e t  a l . ,  1984) 5 pmole/g fo r  w in te r  f lounder (Jahns e t  a l . ,  1976),  
and a more t e n t a t i v e  value of  4-8 pmole/g of  muscle has been put forward as 
in d ic a t iv e  o f  in c ip ie n t  spoilage in shrimp ( F l i c k  and L o v e l l ,  1972). Fol low­
ing the perch lor ic  acid procedure o f  Section 6 . 3 . 4 ,  f i s h  conta in ing th is  
amount of  hypoxanthine would re su l t  in solut ions of  113 and 333 nmole/ml 
concentrat ion,  and shrimp muscle would give an e x t ra c t  o f  267~533 nmole/ml.  
D i lu t io n  of  the more concentrated ex t rac ts  would, th e re fo re ,  be necessary 
in order to give values ly ing on the most se n s i t iv e  part  of  the radioimmuno­
assay standard curve (Figure 71) .
One unexplored p o s s i b i l i t y  is the use of  a la rger  volume o f  p e rch lo r ic  
acid r e l a t i v e  to the weight of  sample used in the preparat ion  of  p e rc h lo r ic
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acid e x t ra c ts ,  or the add i t ion  of  a la rger  volume of water a f t e r  the 
n e u t r a l i s a t io n  stage,  when a l l  samples are made up to the same volume 
(Section 6 . 3 . 4 ) .  E i th e r  of  these modif icat ions to the e x t ra c t io n  procedure 
would give a less concentrated so lut ion  of  hypoxanthine fo r  ana ly s is .
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CHAPTER 8
CHAPTER 8
8 . GENERAL DISCUSSION
8.1 THE RADIOIMMUNOASSAY FOR HYPOXANTHINE
Five female sheep (four  S u f fo lk  Cross and one Soay), and three  
rabbi ts  (New Zealand White Ha l f  Lops) were immunised using conjugates  
of ovalbumin with  d e r iv a t iv e s  o f  6-hydroxypurine (hypoxanthine) (Table 4 ) .
Sera from these animals were screened fo r  an antibody response by 
radioimmunoassay (RIA) using a [G-3H] hypoxanthine marker.  Before p u r i f i c a t i o n  
only the sera from one sheep (S u f fo lk  Cross sheep 1207) possessed s ig n i f i c a n t  
immunoareactivi ty towards the antigen (Figure 36 ) .  A f t e r  a f f i n i t y  
p u r i f i c a t i o n ,  sera from two other sheep (S u f fo lk  Cross 1205 and S uf fo lk  
Cross 1044) and from one ra b b i t  (Rl) were a lso shown to be immunoreactive 
(Figures 3 3 -35 ) .
The ant i  sera were o f  low t i t r e ,  the poor response to hypoxanthine 
probably being due to both i t s  low molecular weight and due to i t  being a 
molecule found endogenously.
The disadvantage o f  low t i t r e  is tha t an antiserum is a unique 
b io log ica l  reagent,  so that  c hara c te r is a t io n  o f  each bleed is necessary.
Large q u a n t i t ie s  of  a low t i t r e  antiserum a re ,  th e re fo re ,  necessary in order  
to ensure c o n t in u i ty  fo r  a large number of  assays, otherwise i f  only a small 
q uant i ty  of  antiserum is a v a i l a b l e ,  and i t  is used a t  high concentra t ion ,  
stocks are soon depleted.
The advantage of  using sheep, fo r  the production o f  reagent a n t ib o d ie s ,  
is tha t  a greater  volume of  ant i  serum can be obtained. The to t a l  volume 
from the three sheep which showed an immune response was 7 .7  l i t r e s  (see 
Appendix).  10 ml crude antiserum gave s u f f i c i e n t  a f f i n i t y  p u r i f i e d  a n t i ­
serum fo r  40 tubes (100 p l / t u b e ) ,  which was s u f f i c i e n t  fo r  t o t a l  r a d io ­
a c t i v i t y  counts tubes,  seven standards and twelve samples, a l l  measured in 
d u p l ic a te .  Therefore ,  although the anti -hypoxanthine a n t is e ra  were o f  very
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low t i t r e ,  the  volume o b ta in ed  was s u f f i c i e n t  f o r  770 such assays.
A c las s ica l  radioimmunoassay fo r  hypoxanthine has been e s tab l ished ,  
and the a n t is e ra  shown to be h igh ly  s p e c i f i c  fo r  th is  a n a ly te ,  w i th  cross­
r e a c t i v i t i e s  to s ix  analagous compounds being < 0.1%, and c r o s s - r e a c t i v i t y  
to two fu r t h e r  compounds, adenine and a l l o p u r i n o l ; being 1.9 and 3*2% 
re s p e c t iv e ly ,  the l a t t e r  compound not being an expected component of  f i s h .
The l i m i t  of  de tect ion  was > 150 nmole/g when concentrat ions
o f  hypoxanthine in p r o t e i n - f r e e  ex t rac ts  of  f i s h  can be t h i r t y  times g reater  
than th is  (of  the order of  5 pmole/g) (Jahns e t  a l . ,  1976). In ter -assay  
c o e f f i c i e n t  of  v a r ia t io n  fo r  the data points  fo r  the hypoxanthine standard 
curve was <10% fo r  hypoxanthine concentrat ions below 125 nmole/ml. I n t e r ­
assay c o e f f i c i e n t  o f  v a r ia t io n  fo r  samples o f  f i s h  e x t ra c t  conta in ing  
hypoxanthine was approximately 12%. Hypoxanthine leve ls  in p r o t e i n - f r e e  
ext rac ts  of  f i s h  as determined by RIA were compared wi th  the values obtained  
using a wel l  establ ished spectrophotometric method fo r  determination of 
hypoxanthine. The c o r re la t io n  c o e f f i c i e n t  f o r  the two methods was 0 .8 1+50 7  
(n = 45) using solut ions o f  hypoxanthine extracted from w h i te b a i t  and 
0 .9 3 2 T 8  (n = 33) fo r  samples of  trout  muscle.
8 .2  RADIOIMMUNOASSAY FOR HYPOXANTHINE COMPARED WITH THE EXISTING 
METHODOLOGY FOR ASSESSING FRESHNESS OF FISH
At the time of undertaking th is  study,  there  were a number o f  tests  
a v a i la b le  fo r  measuring f i s h  q u a l i t y ,  d i f f e r i n g  considerably in t h e i r  accuracy,  
speed of  execution and the amount o f  instrumentation required .  The various  
tests  a v a i la b le  could be divided into two main groups, sensory and non- 
sensory, the l a t t e r  being subdivided into m ic ro b io lo g ic a l ,  instrumental  and 
chemical .
Sensory tests  are based on general  appearance, raw odour,  cooked odour 
and cooked f l a v o u r .  Hypoxanthine leve ls  have been found to  c o r r e l a t e  
p a r t i c u l a r l y  wel l  wi th sensory scores given by a t ra ined  ta s te  panel eva lua t ing
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cooked f lavou r  (Burt e t  a l . ,  1976).  This has been a t t r i b u t e d  to hypoxanthine 
values r e f l e c t i n g  the sequential  disappearance of  a d es i rab le  f l a v o u r  
co n st i tu e n t ,  inosine 5 '"monophosphate, said to be an enhancer of  p leasant,  
sweet and meaty f l a v o u rs ,  and the appearance of  undesirable hypoxanthine 
which has a b i t t e r  f la v o u r  (Burt ,  1977).  Although widely used, sensory 
tests  do have t h e i r  l i m i t a t io n s .  Those which score f i s h  in the raw s ta te  
are rapid ,  w h i ls t  tests  which require  f i s h  to be cooked are not.  Also the 
number o f  tests  which can be c arr ie d  out is l im i ted  by such considerat ions  
as o l fa c t o r y  fa t ig u e ,  and a l l  sensory methods are open to the c r i t i c i s m  
of  sub jec t ive  bias.
T r a d i t io n a l  microbio log ical  methods as commonly used in the food 
industry are inv ar ia b ly  time consuming, as a two day incubation a t  30°C is 
necessary fo r  standards based on ind ica to r  organisms or  on to t a l  counts of  
microorganisms. Whilst  more rapid microbio logical  methods, based on 
impedance measurements, are now a v a i l a b le ,  they have not gained widespread 
acceptance due to the cost o f  the ins trumentation,  and the d i f f i c u l t y  of  
in te rp re t in g  re s u l ts .
The instrumental  methods commerciallyavai 1 able measure changes in 
d i e l e c t r i c  propert ies  of  the whole f i s h .  Graphite e lectrodes are placed 
on e i t h e r  side o f  the f i s h ,  and the impedance is measured a t  two f requencies .  
Fresh f i s h  have high meter readings, which decrease as spoi lage progresses.
Such methods are non-des truc t ive ,  fa s t  to apply and simple to operate .  However, 
they do require  larger  sample numbers than chemical tes ts  fo r  the same 
prec is ion .  Compared wi th the t r a d i t i o n a l  enzymatic method fo r  measuring 
hypoxanthine, two to three times more f i s h  needed to be sampled fo r  the 
instrumental  method (Burt e t  a l . ,  1976; Burt ,  Gibson, Jason and Sanders,
1976).
A fu r t h e r  l i m i t a t io n  is that misleading readings are obtained i f  the 
f i s h  have suffered physical  damage, so that w i th  boxed f i s h ,  those in the  
top layers appear f resher  than those lower down because of  pressure exerted
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on those in the lower layers.  S i m i l a r l y ,  the method cannot be used on 
thawed, cooked or canned m a t e r ia l ,  as these processes cause i r r e v e r s i b l e  
changes in the s t ru c tu re  o f  the f i s h  t issues ,  which a lso lead to low meter 
readings.
More recen t ly  an enzyme sensor s p e c i f i c  fo r  hypoxanthine has been 
developed using immobilised xanthine oxidase-membrane and an oxygen probe.
As hypoxanthine was oxidised to u r ic  acid by the immobilised enzyme, oxygen 
consumption was monitored by the oxygen e le c t rode .  The output current  
began to decrease w i th in  30 seconds a f t e r  in jec t io n  of  a sample, and a 
minimum current was obtained w i th in  one minute,  so that one assay could be 
completed w i th in  100 seconds (Watanabe e t  a l . ,  1983) -
Hypoxanthine concentrat ion in several  f i s h  meats was determined using 
the immobi1 ised enzyme e le c t rode ,  and the absence o f  adenine and aldehydes 
from samples was demonstrated by s i l i c a  gel t h i n - l a y e r  chromatography.
However, xanthine oxidase is an enzyme of broad s p e c i f i c i t y ,  and in te r fe renc e  
from other  known substrates o f  the enzyme, such as xanth ine,  was not tested  
f o r .  I f  i t  was present in large amounts, xanthine would i n t e r f e r e  wi th  any 
enzymatic method of measuring hypoxanthine involv ing the production of  
ur ic  a c id ,  although e a r ly  work had indicated tha t  th is  was not a problem 
in any of  the f is h  species studied to date (Jones and Murray, 1962).  By 
contrast w i th  the enzymatic methods fo r  measuring hypoxanthine,  the rad io ­
immunoassay has been shown to be h ighly  s p e c i f ic  fo r  the a na ly te .
The l im i t a t io n s  of  using the products o f  b a c te r ia l  spoi lage as indices 
of q u a l i t y  have already been pointed out in Chapter 1, so tha t  o f  the various  
chemical tes ts  a v a i l a b le ,  tests  fo r  hypoxanthine would appear to be p re fe rab le  
to those fo r  other  chemical e n t i t i e s .
Many d i f f e r e n t  chromatographic techniques have been used successfu l ly  
fo r  the measurement o f  hypoxanthine,  the o r ig in a l  method being column ion-  
exchange chromatography (H u r lb e r t ,  Schmitz,  Brumm and P o t te r ,  1954; Sa i to ,
Arai and Matsuyoshi, 1959).  This method e x p lo i ts  the d i f f e r e n t  basic
-  237 -  *
d i s s o c i a t i o n  constants  or  a c i d i c  d i s s o c i a t i o n  constants  o f  the n u c le i c  
ac id  bases.  Fo l lowing e l u t i o n  n u c le o t i d e s ,  nucleosides  and bases a re  monitored  
a t  the wave length o f  maximum absorbance,  f o r  e v a l u a t io n  a g a in s t  the known 
molar  e x t i n c t i o n  c o e f f i c i e n t s .  Th is  method was s t i l l  in use co m pa ra t ive ly  
r e c e n t l y  (Tsai  e t  al. ,1972; Arya and P a r i h a r ,  1979; A rya ,  P a r i h a r  and 
V i j a y a r a g h a v a n , 1979), but al though s e n s i t i v e  s p e c i f i c  and a c c u r a t e ,  the  
procedure is e x t rem ely  slow and la b o r io u s .
Hypoxanthine has a ls o  been separated  from o th e r  pur in e  bases and
n u c le o t id e s  by cont inuous g r a d ie n t  column chromatography,  w i t h  s a t i s f a c t o r y  
rec o ver ie s  being obta ined  w i t h i n  th re e  and a h a l f  hours (K ato ,  Uchiyama and 
Uda, 1974).  More r e c e n t l y  reversed phase high pressure l i q u i d  chromatography  
(RP-HPLC) has been used to measure hypoxanth ine,  the advantages o f  t h i s  
method being high s e n s i t i v i t y ,  good r e p r o d u c i b i l i t y  and ease o f  q u a n t i f i c a t i o n  
o f  e lu t e d  peaks. However, as pu r in e  and pyr im id ine s  a r e  h ig h l y  p o la r  
compounds, RP-HPLC could not be used s a t i s f a c t o r i l y  f o r  t h e i r  se p a ra t io n  
u n t i l  the in t r o d u c t io n  o f  the use o f  i o n - p a i r i n g  reagents .  lon-pair -RP-HPLC  
has now been used f o r  the d e te r m in a t io n  o f  hypoxanthine in b i o l o g i c a l  f l u i d s  
(Brown, K in t z io s  and K o e t i t z ,  1979),  and more s p e c i f i c a l l y  in r e f r i g e r a t e d  
w h i t e f i s h  and h e r r i n g  (Warthesen et al., 1980) and in ice stored  rainbow  
t r o u t  and nephrops (more commonly known as scampi) (Murray e t  al., 1984).
The l i m i t s  o f  d e t e c t io n  were 5 n g / i n j e c t i o n  (100 p i )  (Brown e t  al.,
1979) and 2 n g / i n j e c t i o n  (5 p i )  (Warthesen e t  a l . ,  1980),  so t h a t  the
s e n s i t i v i t y  o f  the method was g r e a t e r  than t h a t  o f  the radioimmunoassay
f o r  hypoxanth ine,  where the d e t e c t i o n  l i m i t  was 1.36 pg/ml (10 nmole/ml)  
using a f f i n i t y  p u r i f i e d  a n t i s e r a  a t  a 1:2 d i l u t i o n  (Tab le  29 ) .  However,  
s e n s i t i v i t y  is not  o f t e n  a problem in the a n a l y s is  o f  foods,  where the  
a n a l y t e  is u s u a l l y  present  in c o m p ara t ive ly  l a r g e  amounts. Hypoxanthine  
c o n c e n t r a t io n  in rainbow t r o u t  one hour post-mortem was 1.70 ± 0 . 1  pg/ml  
(187.35 ± 11.02 nmole/g)  mean ± S.E.M.  (n = 2) so t h a t  even w i t h  the  
f r e s h e s t  o f  f i s h  the radioimmunoassay was o p e r a t in g  w i t h i n  the l i m i t s  o f  i t s
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s e n s i t i v i t y ,  and f o r  most f i s h  samples d i l u t i o n  of  ex t rac ts  was necessary 
in order to ensure values ly ing on the se n s i t iv e  part  of  the c a l i b r a t i o n  curve.  
One advantage of  hypoxanthine determinat ion by ion p a i r  RP-HPLC was the 
extreme r a p id i t y  of  the method, as the analysis  time fo r  each sample was 
s ix  minutes (Brown e t  a l . ,  1979) or ten minutes (Murray e t  a l . ,  1984),  when 
no sample pre - t reatment  other than d e p ro te in isa t ion  was necessary.
Analysis of f o r t y  samples by radioimmunoassay took only three hours 
from the s t a r t  of  the assay to counting the amount of  radio label  in the 
f re e  f r a c t i o n .  However, each sample ( in  d u p l ica te )  and each standard ( in  
dup l ica te )  had to be counted fo r  f i v e  minutes,  necess i ta t ing  a to t a l  of  
e ight  hours counting time. Therefore,  o v e r a l l ,  16.5 minutes was needed fo r  
the analys is  of  each sample.
As well  as hypoxanthine determination in f i s h ,  HPLC has been used to 
measure hypoxanthine in a v a r ie t y  o f  d a i ry  foods, including mi lks ,  natural  
cheeses, pasteurised processed cheeses and cheese spreads (Weir , C l i f f o r d ,  
Jordison and C l i f f o r d ,  1981),..
Another chromatographic technique which has been used fo r  the d e te r ­
mination of  hypoxanthine is q u a n t i t a t i v e  th in  layer chromatography. However, 
compared wi th  hypoxanthine determination by radioimmunoassay, th is  method 
was extremely slow and labor ious .  Fol lowing the locat ion of  compounds by 
viewing under an u l t r a v i o l e t '1 i'ght, each spot was scraped into  tubes con­
ta in ing  hydrochloric ac id ,  which were then allowed to stand fo r  18 hours 
before c e n t r i fu g a t io n  and spectrophotometric measurement a t  the wavelength 
of maximum absorption (F l i c k  and L o v e l l ,  1972).  This was considerably  
longer than the time taken fo r  hypoxanthine determination by radioimmuno­
assay, which was eleven hours fo r  the analys is  of  fo r t y  samples.
The radioimmunoassay fo r  hypoxanthine was a lso a much more s e n s i t iv e  
detect ion method than th in  layer chromatography. Hypoxanthine concentrat ions  
of the order of  187 nmole/g were detected in rainbow t ro u t  1 hour post-mortem 
by radioimmunoassay, but using the technique of th in  layer  chromatography,
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hypoxanthine could not be detected in the g u l f  shrimp a f t e r  0,  6 ,  12 and 
24 hours storage a t  0°C. The e a r l i e s t  tha t  hypoxanthine could be detected  
was a f t e r  48 hours, when the concentrat ion had r isen to 400 nmole/g ( F l i c k  
and Lovel1, 1972).
As well  as the various chromatographic techniques, many tests  fo r  
hypoxanthine have been based on the p r in c ip le  o f  the enzymic reaction that  
converts hypoxanthine to xanth ine,  and eventua l ly  to u r ic  a c id .  A f t e r  
e x t rac t io n  of  hypoxanthine from the t i s s u e ,  xanthine oxidase is added to the 
e x t r a c t ,  and the increase in u r ic  acid is measured spectrophotometr ica l ly  
(Section 7 - 3 .5  ) •  The o r ig in a l  manual enzymatic method (Jones e t  a l . ,  1964) 
was l a t e r  modified to give an automated vers ion based on the Auto analyser  
system (Technicon Instruments Co .L td . ,  Chertsey,  Surrey),  r e su l t in g  in a 
much more rapid method. The automated procedure represented a d i r e c t  
t ra n s la t io n  of  the manual procedure, and a f t e r  the i n i t i a l  priming per iod,  
complete analyses were obtained a t  the average ra te  of one every 8 .7  minutes 
(Jones e t  a l . ,  1965).
Disadvantages of  the enzymatic method of automated analys is  were tha t  
complex equipment was required in the form o f  a recording u l t r a v i o l e t  
spectrophotometer, and a lso blank determinations had to be c arr ie d  out on 
each e x t r a c t  to compensate fo r  varying background absorptions a t  the 
monitoring wavelength.
The method was, th e re fo re ,  f u r t h e r  modified by incorporat ing an 
oxidat ion - reduct ion  ind ica to r  dye, 2 ,6 -d ichlorophenol indophenol in to  the 
reaction mixture .  Hypoxanthine concentrat ion in f i s h  t issue  homogenates 
could then be measured a utom at ica l ly  using a simple co lo r im e te r ,  e x t r a c t  
blanks did not need to be determined, and reaction time was much reduced,  
with  e x t r a c ts ,  standards and water blanks being sampled a t  a ra te  of  40/hour  
(Burt e t  a l . , 1968).
Whilst  the i n s t a b i l i t y  of  the decolourised dye precluded the use of  
2 ,6-dichiorophenol indophenol fo r  manual assays, redox dyes have been used in
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various modif icat ions of  the enzymatic method. Beauchat (1973) used a 
manual c o lo r im e t r ic  enzyme assay f o r  the measurement of  hypoxanthine 
concentrat ion in c a t f i s h ,  and an enzyme s t r i p  te s t  using the dye resazur in  
was developed to provide s em i -q u a n t i ta t iv e  est imat ions of  hypoxanthine in 
f i s h  on a v isual  basis.  (Jahns e t  a l . ,  1976).  This l a t t e r  method was 
extremely simple,  being s im i la r  in p r in c ip le  to the determinations of  
glucose using a glucose oxidase s t r i p ,  and i t  a lso had the advantage of  
being very ra p id ,  requir ing  only a f i v e  minute incubation t ime.
A l l  the foregoing methods, apar t  from the instrumental  methods 
measuring d i e l e c t r i c  propert ies  o f  the whole f i s h ,  are d e s t ru c t iv e  as there  
is a requirement fo r  a small port ion of  ed ib le  t issue to be ex t ra c te d .  This 
in i t s e l f  is time consuming. Most of  the methods also require  d ep ro te in is a -  
t ion of  the sample using pe rch lo r ic  acid or t r i c h l o r o a c e t i c  acid to 
p r e c i p i t a t e  pro te ins ,  the former being p re fe rab le  to the o r ig in a l  t r i c h l o r o ­
a ce t ic  ac id ,  as i t  does not in t e r f e r e  w i th  spectrophotometric methods.
Deprote in isa t  ion of  samples involves several  stages. Muscle dissected  
out from the carcass has to be accura te ly  weighed, homogenised w i th  the 
prote in  p r e c ip i ta n t  and centr i fuged or f i l t e r e d * : t o  remove p ro te in s .  This is 
fol lowed by n e u t r a l i s a t io n  of  the supernatant w ith  potassium hydroxide,  
adjustment o f  the f i n a l  volume and c e n t r i fu g a t io n  to remove p r e c ip i ta te d  
potassium perch lorate  (Section 6 . 3 . 4 ) .
Approximately four hours is needed to prepare p r o t e i n - f r e e  e x t rac ts  
of hypoxanthine from f o r t y  samples, so that methods which quote analys is  
times of a few minutes,  are not p a r t i c u l a r l y  rapid i f  the time taken fo r  
the e x t rac t io n  procedure p r io r  to analysis  is taken into account.
8.3 RECENT DEVELOPMENTS IN IMMUNOASSAYS FOR FOOD ANALYSIS
Since the pro jec t  to develop an immunoassay fo r  hypoxanthine was 
o r i g i n a l l y  undertaken there  have been various developments in the f i e l d  o f  
immunoassays fo r  food a n a ly s is .  I t  has been rea l ised  that  some a t t r i b u t e s  of
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example, speed and ease of  performance are usual ly  of  more importance than 
s e n s i t i v i t y ,  since food components are present in comparatively large  amounts. 
Sens i t ive  assays are only required f o r  the measurement of  food contaminants,  
such as fungal toxins and p e s t ic id e  residues.
S p e c i f i c i t y  is a necessary a t t r i b u t e  in some contexts ,  but not in 
others ,  an example o f  a non-spec i f ic  immunoassay applied to food analys is  
being an enzyme l inked immunosorbent assay (ELISA) fo r  to ta l  g lycoa lka lo ids  
in potato tubers.  A non-spec i f ic  antiserum was necessary in order to a l low  
to ta l  q u a n t i f i c a t io n  o f  both the so lan id ine  and demissidine-derived  
glycosides (Morgan, McNerney, Matthew, Coxon and Chan, 1983).
Some of  the po ten t ia l  problems encountered in the a p p l ic a t io n  of  
immunoassays to the measurement of  food components, such as the change in 
immunochemical proper t ies  of  food const i tuents  during processing,  have 
in some instances been made the basis o f  an assay. For example, heat  
treatment reduces the a n t i g e n ic i t y  o f  whey p ro te in s ,  suggesting the p o s s i b i l i t y  
of so producing a hypoallergenic  baby m i lk .  An enzyme l inked immunosorbent 
assay has been developed which measures the extent  of  such mi lk  prote in  
d e n a tu ra t io n , and is capable o f  d is c r im ina t ing  between samples of  whey 
rece iv ing only small increments in the level  of  heat treatment (Heppell ,
Cant and Kilshaw, 1983 ; Heppell ,  ,1985).  Thus food materia ls  have been seen 
as complex mixtures presenting d i f f e r e n t  chal lenges,  rather  than j u s t  the 
s t r a ig h t  forward a p p l ic a t io n  of  e x is t in g  techniques to a new area .
8 .4  THE FUTURE OF IMMUNOASSAYS IN FOOD ANALYSIS
The disadvantages of  the radioimmunoassay, such as the need fo r  
sophist ica ted  and expensive equipment, and the need fo r  s t r i c t  regulato ry  
contro ls  f o r  the handling and disposal  o f  radioisotopes,  and the cumulative 
r isks  involved in t h e i r  handling has meant that RIA has not gained widespread 
acceptance in the food processing industry .
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However, there are now many a l t e r n a t i v e s  to rad io ac t iv e  la b e ls ,  such 
as f lu o resc en t ,  chemi1uminescent and enzyme lab e ls .  Such non-isotopic  
labels o f f e r  advantages over radioisotopes in terms of cost and s t a b i l i t y ,  
and since the f i r s t  enzyme immunoassays fo r  food were reported,  there has 
been an exponential growth in the amount o f  in te re s t  shown in immunoassays 
fo r  food analys is  ( C l i f f o r d ,  1985) and the enzyme-l inked immunosorbent 
assay (ELISA) has emerged as the method of  choice in th is  f i e l d ,  ra the r  
than radioimmunoassay.
The production of  a s u i ta b le  antiserum is the s ing le  most important  
step in the development o f  any immunoassay. Having produced an anti  serum 
highly s p e c i f ic  fo r  hypoxanthine, the next log ica l  step would be to use th is  
anti  serum fo r  the development of  an ELISA. ELISA has the advantage over  
radioimmunoassay in terms of  speed. The radioimmunoassay f o r  hypoxanthine 
involved counting each tube fo r  f i v e  minutes.  With f o r t y  samples, seven 
standards, and to ta l  counts tubes a l l  measured in d u p l ic a te ,  th is  necessitated  
ninety  s ix  tubes, g iv ing a to t a l  count time of e ight  hours. Occasional ly  
tubes were counted for  four minutes each ra ther  than f i v e ,  the s p e c i f ic  
a c t i v i t y  of  the radio label  in each tube being s u f f i c i e n t l y  high to a l low fo r  
th is .  Total  count time was then reduced to 6 . A hours. However, th is  does 
not compare with  ELISA, where i f  a disposable m i c r o t i t r e  p la te  system is 
used wi th  an automatic p la te  reader,  a l l  96 w el ls  may be read in 1 -  l i  
minutes.
The short time taken to read a m i c r o t i t r e  p la te  can be o f f s e t  by the 
f a i r l y  lengthy incubation times of two or three hours used in some ELISA 
systems. However, commercial k i t s  fo r  food analys is  are now a v a i l a b le  w i th  
incubation times as short as ten minutes (B iok i ts  Ltd,  Deeside In d u s t r ia l  
Park, Clwyd). The ant i -hypoxanthine  antiserum only required a ten minute 
incubation w i th  i ts  antigen (Section 4 . 3 . 7 ) ,  making i t  emminently s u i ta b le  
fo r  the development of  a rapid ELISA.
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A f u r t h e r  disadvantage of  radioimmunoassay is that a phase separation  
step is always requ ired ,  whereas sol id -phase assays that re qu i re  no 
separation steps o f f e r  special promise f o r  easy automation.
Solid-phase assays such as ELISA have many other advantages over  
RIA, including increased s e n s i t i v i t y  and the absence of hazardous ra d io ­
a c t iv e  chemicals.  In view of the r a p i d i t y ,  safety  and r e l a t i v e  lack of  
complex and expensive instrumentation involved in sol id-phase assays,  i t '  
is l i k e l y  th a t  t h e i r  use w i l l  increase markedly in the f u t u r e .
8 .5  SUGGESTIONS FOR FURTHER WORK
1. The development of  an ELISA f o r  hypoxanthine.
2.  In v e s t ig a t io n  o f  the a p p l i c a b i l i t y  of  the p e rch lo r ic  acid e x t ra c t io n  
procedure (which resulted in a solut ion of  hypoxanthine f r e e  from 
m atr ix  e f f e c t s )  to other a na ly tes .
3.  Assay f o r  the presence of endogenous a n t ige n -an t i  body complexes in 
the serum and inv es t iga t ion  of  methods of  d is so c ia t in g  hypoxanthine  
from i ts  antibody in such complexes.
4.  U t i l i s a t i o n  of  a non-endogenous hypoxanthine analogue to produce 
a conjugate f o r  immunisation, in order to produce an a n t i  serum of  
higher t i t r e .
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